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The process by which ecological1 risks of environmental contaminants are evaluated is two- 
tiered. The first tier is a screening assessment where concentrations of contaminants in the 
environment are compared to toxicological benchmarks which represent concentrations of 
chemicals in environmental media (water, sediment, soil, food, etc.) that are presumed to be 
nonhazardous to the surrounding biota. The second tier is a baseline ecological risk assessment 
where toxicological benchmarks are one of several lines of evidence used to support or refute the 
presence of ecological effects. 

The report presents toxicological benchmarks for assessment of effects of 76 chemicals on 
8 representative mammalian wildlife species and 31 chemicals on 9 avian wildlife species. The 
chemicals are some of those that occur at United States Department of Energy waste sites; the 
wildlife species were chosen because they are widely distributed and provide a representative 
range of body sizes and diets. Further descriptions of the chosen wildlife species and chemicals 
are provided in the report. The benchmarks presented in this report represent values believed 
to be nonhazardous for the listed wildlife species. These benchmarks only consider contaminant 
exposure through oral ingestion of contaminated media; exposure through inhalation or direct 
dermal exposure are not considered in this report. 

xi 
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1. IMTRODUC'BION 

The process by which the ecological risks of environmental contaminants is evaluated is two- 
tiered. In the first tier, a screening assessment is performed where concentrations of 
contaminants in the environment are compared to toxicological benchmarks. These benchmarks 
represent concentrations of chemicals in environmental media (water, sediment, soil, food, etc.) 
that are presumed to be nonhazardous to the biota. While exceedance of these benchmarks does 
not indicate any particular level or type of risk, concentrations below the benchmarks should not 
result in significant effects. In practice, when contaminant concentrations in food or water 
resources are less than these toxicological benchmarks, these contaminants may be excluded from 
further consideration. If, however, the concentration of a contaminant exceeds a benchmark, that 
contaminant should be retained as a contaminant of potential concern (COPC) and be subject to 
further investigation. 

Toxicological benchmarks may also be used as part of a weight-ofevidence approach 
(Suter, 1993) in a baseline ecological risk assessment, the second tier in ecological risk 
assessment. Under this approach, toxicological benchmarks are one of several lines of evidence 
used to support or refute the presence of ecological effects. Other sources of evidence include 
media toxicity tests, surveys of biota (abundance and diversity), measures of contaminant body 
burdens, and biomarkers. 

This report presents toxicological benchmarks for assessment of effects of 76 chemicals on 
8 representative mammalian wildlife species (short-tailed shrew, little brown bat, meadow vole, 
white-footed mouse, cottontail rabbit, mink, red fox, and whitetail deer) and 31 chemicals on 9 
avian wildlife species (American robin, American woodcock, wild turkey, belted kingfisher, great 
blue heron, barred owl, barn owll, Cooper's hawk, and red-tailed hawk) (scientific names are 
presented in Appendix B). These species were chosen because they are widely distributed and 
provide a representative range of body sizes and diets. The chemicals are some of those that 
occur at United States Department of Energy (DOE) waste sites. The benchmarks presented in 
this report represent values believed to be nonhazardous for the listed wildlife species. These 
benchmarks only consider contaminant exposure through oral ingestion of contaminated media. 
Exposure through inhalation or direct dermal exposure are not considered in this report. 

2. AVAILABILITY ANP) LIMITATIONS OF TOXICITY DATA 

Information on the toxicity of environmental contaminants to terrestrial wildlife can be 
obtained from several sources including the United States Environmental Protection Agency 
@PA) Terrestrial Toxicity Data Base WRRE-TOX, see Meyers and Schiller, 1986); U. S. Fish 
and Wildlife Service reports, €PA assessment and criteria documents, and Public Health Service 
toxicity profiles. In addition, many referred journals (e.g., Environmental Toxicology and 
CbemiSay, Archives of Environmental Contamination and Toxicology, Journal of Wildlife 
Management, etc.) regularly publish studies concerning contaminant effects on wildlife. Selected 
data from these sources are presented in tabular form in Appendix C. Pesticides were excluded 
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from this compilation except for those considered to be likely contaminants on DOE reservations, 
such as the persistent organochlorine compounds (e.g., Chlordane, DDT, Endrin, etc.). Most of 
the available information on the effects of environmental contaminants on wildlife pertains to 
agricultural pesticides and little to industrial and laboratory chemicals of concern to DOE. 
Furthermore, the toxicity data that are available are often limited to severe effects of acute 
exposures [e.g., concentration or dose levels causing 50% mortality to a test population (LC, 
and LDd]. Relatively few studies have determined safe exposure levels (no-observed-adverse- 
effect-levels, or NOAELs) for situations in which wildlife have been exposed over an entire 
lifetime or over several generations. this document, NOAEL refers to both dose (mg 
c o m t  per kg animal body weight per day) and concentration (mg contaminant per kg of 
food or L of drinking water)]. Consequently, for nearly all wildlife species, a NOAEL for 
chronic exposures to a particular chemical must be estimated from toxicity studies of the same 
chemical conducted on a different species of wildlife or on domestic or laboratory animals or 
from less than ideal data (e.g., LDso values). In many cases, the only available information is 
from studies on laboratory species (primarily rats and mice). These studies may be of short-term 
or subchronic duration and may only identify a lowest-observed-adverse-effect-level (LOAEL) 
and not a NO-. Estimating a NOAEL for a chronic exposure from such data can introduce 
varying levels of uncertainty into the calculation (see Subsect. 3.2); however, such laboratory 
studies represent a valuable resource whose use should be maximized. 

Wildlife NOAELs estimated from data on laboratory animals must be evaluated carefully, 
bearing in mind the possible limitations of the data. Variations may exist among species in 
physiological or biochemical factors such as uptake, metabolism, and disposition, which can alter 
the potential toxicity of a contaminant to a particular species. Inbred laboratory strains may have 
an unusual sensitivity or resistance to the tested compound. Behavioral and ecological parameters 
(e.g., stress factors such as competition, seasonal changes in temperature or food availability, 
diseased states, or exposure to other contaminants) may make a wildlife species’ sensitivity to an 
environmental contaminant different from that of a laboratory or domestic species. 

Available studies on wildlife or laboratory species may not include evaluations of all 
significant endpoints for determining long-term effects on natural populations. Important data 
that may be lacking are potential effects on reproduction, development, and population dynamics 
following multigeneration exposures. In this report, endpoints such as reproductive and 
developmental toxicity, and reduced survival were used whenever possible; however, for some 
contaminants, limitations in the available data necessitated the use of endpoints such as organ- 
specific toxic effects. It should be emphasized that in such cases the resulting benchmarks 
represent very conservative values whose relationship to potential population level effects is 
uncertain. These benchmarks will1 be recalculated if and when more appropriate toxicity data 
become available. 

The fewer steps in the extrapolation process, the lower the uncertainty in estimating the 
wildlife NOAEL. For example, extrapolating from a NOAEL for an appropriate toxic endpoint 
(Le., reproductive or population effects) for white laboratory mice to white-footed mice that are 
relatively closely related and of comparable body size would have a high level of reliability. 
Conversely, extrapolating from a LOAEL for organ-specific toxicity (e.g., liver or kidney 
damage) in laboratory mice to a non-rodent wildlife species such as mink or fox would lhave a 
low level of reliability in predicting population effects among these species. Because of the 
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differences in avian and mammalian physiology and to reduce extrapolation uncertainty, studies 
performed on mammalian test species are used exclusively to estimate NOAELs for mammalian 
wildlife and studies performed on avian test species are used exclusively to estimate NOAELs tor 
avian wildlife; interclass extrapolations were not performed. 

In this report, benchmarks for mammalian species of wildlife have been estimated from 
studies conducted primarily on laboratory rodents, and benchmarks for avian species have been 
estimated from studies on domestic and wild birds. Very few experimental toxicity data are 
available for other groups of wildlife such as reptiles and amphibians, and it is not considered 
appropriate to apply benchmarks across different groups. Models for such wildlife extrapolations 
have not been developed as they have for aquatic biota (Suter, 1993). 

The general method used in this report is one based on EPA methodology for deriving human 
toxicity values (e.g., Reference Values, Reportable Quantities, and unit risks for carcinogenicity) 
from animal data (EPA, 1986a, 1986b, 1988b, 1989). In the method used herein experimentally 
derived NOAELs or LOAELs are used to estimate NOAELs for wildlife by adjusting the dose 
according to differences in body size. The concentrations of the contaminant in the wildlife 
species’ food or drinking water that would be equivalent to the NOAEL are then estimated from 
the species’ rate of food consumption and water intake. For wildlife species that feed primarily 
on aquatic organisms, a benchmark that combines exposure through both food and water is also 
calculated based on the potential of the contaminant to bioconcentrate and bioaccumulate through 
the food chain. 

NOAELs and LOAELs for mammals and domestic and wild birds were obtained from the 
primary literature, EPA review documents, and secondary sources such as the Registry of Toxic 
Effcts of Chemical Substances and the Integrated Risk information System (IRIS). These studies 
are briefly described and the rationale for their use in deriving benchmarks is discussed in 
Appendix A. The selection of a particular study and a particular toxicity endpoint and the 
identification of NOAELs and LOAELs was based on our evaluation of the data. Emphasis was 
placed on those studies in which reproductive and developmental endpoints were considered 
(endpoints that may lbe directly related to potential population-level effects), multiple exposure 
levels were investigated, and the reported results were evaluated statistically to identify significant 
differences from control values. It is recognized that other interpretations of the same data may 
be possible and future research may provide more comprehensive data from which benchmarks 
might be derived. Therefore, it is anticipated that the development of these screening benchmarks 
will be an ongoing process and, consequently, the values presented in this report are subject to 
change. 

3.1 ESITMATING NO- FOR WILDLIFE 

NOAELs and LOAELs are daily dose levels normalized to the body weight of the test 
animals (e.g., milligrams of chemical per kilogram body weight per day). The presentation of 
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toxicity data on a mg/kg/day basis allows comparisons across tests and across species with 
appropriate consideration for differences in body size. Studies have shown that numerous 
physiological' functions such as metabolic rates, as well as responses to toxic chemicals, are a 
function of body size. Smaller animals have higher metabolic rates and are usually more resistant 
to toxic chemicals because of more rapid rates of detoxification. (However, this may not be the 
case if the toxic effects of the compound are produced primarily by a metabolite). It has been 
shown that the best measure of differences in body size is one based on body surface area which, 
for lack of direct measurements, can be expressed in terms of body weight (bw) raised to the 2/3 
power ( b P )  (EPA, 198Oa). If the dose (d) itself has been calculated in terms of unit body 
weight (Le., mgkg), then the dose per unit body surface area @) equates to: 

The assumption is that the dose per body surface area (Equation 1) for species "a" and1 "b" 
would be equivalent: 

Therefore, knowing the body weights of two species and the dose (4) producing a given effect 
in species "b," the dose (dJ producing the same effect in species "a" can be determined: 

This is the methodology that EPA uses in carcinogenicity assessments and reportable quantity 
documents for adjusting from animal data to an equivalent human dose (EPA, 1985a, 1988b). 
The same approach has been proposed for use in extrapolating from one animal species to 
another. However, it should be noted that this method has not been applied to wildlife by the 
EPA and that wildlife toxicologists commonly scale dose to body weight without incorporating 
the exponential factor of 2/3. The exponent has been retained for this report because no reason 
exists why different methods should be used to extrapolate from mice to humans and mice to 
foxes. The issue of appropriate scaling models for wildlife should be investigated. 

For developing reference doses (RfDs), €PA uses a default factor of 0.1 to adjust an animal 
dose to an equivalent human dose. Using the body size scaling method outlined previously 
results in an adjustment factor of about 0.07 when deriving an equivalent human dose from data 
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for mice (using the standard body weight of 0.03 kg for mice and 70 lkg for humans) and a factor 
of about 0.17 when deriving an equivalent lhuman dose from data for rats (standard body weight 
0.35 kg). 

The ideal data set to use in the calculation would be the actual average body weights of the 
test animals used in the bioassay. When this information is not available, standard reference body 
weights for laboratory species can be used as indicated previously (EPA, 1985a, see Table 1). 
Body weight data for wildlife species are available from severall secondary sources [Le., the 
Mammalian Species series, published by the American Society of Mammalogists, Burt and 
Grosseneider, 1976; Dunning, 1984; Whitaker, 19801. Often, only a range of adult body weight 
values is available for a species, in which case an average value must be estimated. A time- 
weighted average body weight for the entire life span of a species would be the most appropriate 
data set to use for chronic exposure situations; however, such data are usually not available. 
Body weight of a species can also vary geographically, as well as by sex. Sexspecific data may 
be needed depending on the toxicity endpoints used. Body weight data for the mammalian 
wildlife species considered in this report are given in Table 1. 

Table 1. Reference values for mammalian species 

bw Food lntake Food factof Water lntake Water factorb 
sp4des 049 OWIfJW) f (LldaY) W 

rat 0.35' 0.0284 0.08 0.046' 0.13 

mouse 0.03' 0.0055' 0.18 0.0075' 0 . 3  

rabbit 3% 0.13Sd 0.034 0.268- 0.070 

Qg 12.T 0.301d 0.024 0.65T 0.051 

shortulilcd shrew 0.015' 0.009' 0.6 0.0033' 0.22 

meadow vole 0.044' 0.009 0.114 0.- 0.136 

whi*footod mouse 0.022f 0.0034' 0.155 0.0066' 0.3 

comn rat 0.15 0.016 0.07 0.018' 0.12 

cottontail rabbit 1.Y 0.231 0.198 0.116J 0.013 

mink 1 .of 0.137 0.137 0 . W  0.099 

ld fox 4.5' 0.45' 0.1 0.38g 0.084 

whitctail deer 56.5' 1.74' 0.031 3.78 0.065 

' The food b t o r  is the daily food intake divided by the body might. 
The water kctor is the daily water infakt divided by the body might. 
EPA reference valucs (EPA, 1985a). 
CalcuIated using refaarce body weight and Equation 10. 
' Calculated using reference body might and Equation 21. 
s& Appendix B for data source. 

8 Calculated according to Caldcr and Braun, 1983; see Equation 24. 
Calculated using Equation 14. 
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If a NOAEL is available for the test species (NOAEL,), then the equivalent NOAEL for a 
species of wildlife ( N O E L )  can be calculated by using the adjustment factor for differences in 
body sue: 

3.2 DEIRIMNG A CHRONIC NOAEL F!RQM OTHER ENIDIPOIl”lE 

In cases where a NOAEL for a specific chemical is not available for either wildlife or 
laboratory species, but a LOAEL has been determined experimentally, the NOAEL can be 
estimated by applying an uncertainty factor (UF) to the LOAEL. In the EPA methodology, the 
LOAEL can be reduced by a factor of up to 10 to derive the NOAEL. 

W A E L  
5 10 

Nom = 

Although a factor of 10 is usually used in the calculation, the true NOAEL may be only 
slightly lower than the experimental LOAEL, particularly if the observed effect is of low severity. 
A thorough analysis of the available data for the doseresponse function may reveal whether a 
LOAEL to NOAEL uncertainty factor of < 10 should be used. No data were found for any of 
the contaminants considered suggesting the use of a LOAEL-NOAEL adjustment factor of less 
than 10. 

If the only available data consist of a NOAEL (or a LOAEL) for a subchronic exposure, then 
the equivalent NOAEL or LOAEL for a chronic exposure can be estimated by applying a UF of 
5 10: 

suixhronic NOAEL chronic NOAEL = 
s10 

EPA has no clear guidance on the dividing line between a subchronic exposure and a chronic 
exposure. For studies on laboratory rodents, EPA generally accepts a 9May exposure duration 
as a standard for a subchronic exposure. In the guidance for the proposed Great Lakes Water 
Quality Criteria, EPA (1993d) indicates that a chronic exposure would be equivalent to at least 
50% of a species lifespan. Since most of the NOAELS and LOAELS available for calculated 
benchmarks for mammalian wildlife are from studies on laboratory rodents (with lifespans of 
approximately 2 years), we have selected 1 year as the minimum required exposure duration for 
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a chronic exposure (approximately one-half of the lifespan). There is little information 
concerning the lifespans of birds used in toxicity tests and little standardization of study duration 
for avian toxicity tests. In addition, few long-term, multigeneration avian toxicity tests have been 
performed. Therefore avian studies where exposure duration was 10 weeks or less were 
considered to be subchronic and those where the exposure duration was greater than 10 w'eeks 
were considered chronic studies. 

In addition to duration of exposure, the time when contaminant exposure occurs is critical. 
Reproduction is a particularly sensitive lifestage due to the stressed condition of the adults and 
the rapid growth and differentiation occurring within tbe embryo. For many species, contaminant 
exposure of a few days to as little as a few hours during gestation and embryo development may 
produce severe adverse effects. Because these benchmarks are intended to evaluate the potential 
for adverse effects on wildlife populations and impaired reproduction is likely to affect 
populations, contaminant exposures that are less than one year or 10 weeks but occur during 
reproduction were considered to represent chronic exposures. 

If the available data are limited to acute toxicity endpoints (FEL, frank-effects level) or to 
exposure levels associated with lethal effects (LD,s), the estimation of NOAELs for chronic 
exposures are likely to have a wide margin of error because no standardized mathematical 
correlation exists between FEL or LD, values and NOAELs that can routinely be applied to all 
chemicals (Le., exposure levels associated with NOAELs may range from 1/10 to 1/1O,OOO of 
the acuteIy toxic dose, depending on the chemical andl species). However, if both an LDso and 
a NOAEL have been determined for a related chemical u, then this ratio could be used to 
estimate a NOAEL, using the (LD& for the compound of interest. 

3.3 NOAEL EQUIVALENT CONCENTRATION HN FOOD 

The dietary level or concentration in food (C,, in mg/kg food) of a contaminant that would 
result in a dose equivalent to the NOAEL (assuming no other exposure through other 
environmental media) can be calculated from the food factor f: 

NOAEL, 

f 
c, = 
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The food factor, f ,  is the amount of food consumed (F, in g/day or kg/day) per unit body 
weight (bw, in g or kg): 

f = -  F 
bw 

(9) 

In the absence of empirical data, rates of food consumption (F, in kg/day) for laboratory 
mammals can be estimated from allometric regression models based on body weight (in kg) 
(EPA, 1988a): 

F = 0.056(b~)~-~~~ (laboratory mammals) 

F = 0.054(bw)0.w1 (moist diet) 

F = 0.049(bw)0*m (dry diet) 

In the absence of specific information on the body weights of the test animals, EPA (1985a) 
uses default values (see Table 1). In this report, F was estimated using Equation 10 and the 
default body weights. IReference body weights for particular strains of laboratory animals and 
for specific age groups corresponding to subchronic or chronic exposures are available @PA, 
1988a), and these can also be used in the equations. Default values for food consumption and 
food factors for common llaboratory species (rats, mice, dogs, rabbits, etc.) have also been used 
'by EPA (1988b) for estimating equivalent dosellevels for laboratory studies in which the exposure 
is reported only as a dietary concentration. Generally, the rates of food consumption for 
laboratory species, as derived from Equations 10-12, are higher then the EPA default values. 

Food consumption rates are available for some species of wildlife @PA, 1993a, 1993b Table 
1). In the absence of experimental' data, F values @/day) can be estimated from allome&ric 
regression models based on metabolic rate and expressed in terms of body weight (g) (Nagy, 
1987): 

F = 0235(bw)O." (placental mammals) 

F = 0.621(b~)*~ (rodenis) 

F = 0.577(bw)a.m (herbivores) 
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F = 0 - 4 9 2 ( b ~ ) ~ ~  (marsupials) 

F = 0.648(bW)0*a' (birds) 

F = 0.398(bW)0m (passerine birds) 

3.4 NQAEL EQUTVAILENT CONCENTRATION IN DRINKING WATER 

The concentration of the contaminant in the drinking water of an animal (Cw, in mgk) 
resulting in a dose equivalent to a NOAEL,,, can be calculated from the daily water consumption 
rate (W, m Uday) and the average body weight (bw,) for the species: 

NOAU, x bw, 
W c, = 

If known, the water factor o (= the rate of water consumption per unit body weight (Whw)  
can be used in a manner identical to that for the food factor. 

NOAEL, c, = 
0 

If empirical data are not available, W (in L/day) can be estimated from allometric regression 
models based on body weight (in kg) @PA, 1988a): 

w = O.m(bW)'- (mcunmaLr, moist diet) 

W = 0.093(bW)0~7s" (nuunmals, dry diet) (23) 
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In the absence of specific information on the body weights of the test animals, EPA (1985a) 
uses default values (see Table 1). In this report, W was estimated using Equation 21 and the 
default body weights. Reference body weights for particular strains of llaboratory animals and 
for specific age groups corresponding to subchronic or chronic exposures are available @PA, 
1988a), and these can also be used in the equations. Default values for water consumption and1 
w for common laboratory species have been used by EPA (1988b) for estimating equivalent dose 
levels for laboratory studies in which the exposure was given only as a concentration in the 
animals' drinking water. Generally, the rates of water consumption for laboratory species, as 
derived from Equations 21-23, are higher then the EPA default values. 

Water consumption rates are available for some species of mammalian wildlife (Table 1). 
Water consumption rates (in L/day) can also be estimated from allometric regression models 
based on body weight (in kg) (Calder and Braun, 1983): 

A similar model has also been developed for birds (Calder and Braun, 1983): 

W = 0 . 0 5 9 ( b ~ ) ~ ~  

3.5 COMBINED FOOD AND WATER BENCHMARKS FOR AQUATHC FEEDING 
SPECIES 

If a wildlife species (such as mink, belted kingfisher, or great blue heron) feeds primarily 
on aquatic organisms and the concentration of the contaminant in the food is lproportional to the 
concentration in the water, then the food1 consumption rate (F, in kg/day) and the aquatic life 
bioaccumulation factor can be used to derive a C, value that incorporates both water and food 
consumption @PA, 1993c, 1993d, 1993e): 

NOAELw x bww 

W + ( F x B A F )  
c, = 

The BAF is the ratio of the concentration of a contaminant in tissue (mg/kg) to its 
concentration in water (mg/L), where both the organism and its prey are exposed, and is 
expressed as Lkg. Bioaccumulation factors may be predicted by multiplying the bioconcentration 
factor for the contaminant PCF, ratio of concentration in food to concentration in water; Le., 
(mg/kg)/(mg/L) = L/kgJ by the appropriate food chain multiplying factor (FCM) (see Table 2). 
For most inorganic compounds, BCFs and BAFs are assumed to equal; however, an FCM may 
be applicable for some metals if the organometallic form biomagnifies (EPA, 1993~). 



11 

Table 2. Aquatic food chain multiplying factors' 
Prey Trophic Levelb 

Log p, 2 3 4 
-~ 

s3.9 1 .o 
4.0 1.1 

4.1 1.1 

1 .o 1 .o 
1 .o 1 .o 
1.1 1.1 

4.2 1.1 1.1 1.1 

4.3 1.1 1.1 1.1 

4.4 1.2 1.1 1.1 

4.5 1.2 1.2 1.2 

4.6 1.2 11 .3 1.3 

4.7 1.3 1.4 1.4 

4.8 1.4 1.5 1.6 

4.9 1.5 1.8 2.0 

5 .O 1.6 2.1 2.6 

5.1 1.7 2.5 3.2 

5.2 1.9 3 .O 4.3 

5.3 2.2 3.7 5.8 

5 -4 2.4 4.6 8.0 

5 -5 2.8 5.9 11.0 

5.6 3.3 7.5 16.0 

5.7 3 -9 9.8 23.0 

5.8 4.6 13 .O 33.0 

5.9 5.6 17.0 47.0 

6.0 6.8 21.0 67.0 

6.1 8.2 25.0 75.0 

6.2 10.0 29.0 84.0 

6.3 13.0 34.0 92.0 

6.4 15.0 39.0 98.0 



12 
Table 2. (continued) 

Prey Trophic Levelb 

2 3 4 Poa 

s3.9 1 .o 1 .o 1 .o 
6.5 19.0 45.0 100.0 

> 6.5 C) (7 0 

?km US. EPA 1993~. 
%ophk kvd: 2 = zoophkton; 3 = 4 frsh; 4 = piscivomus frsh, including top pdators.  
Tor cbaniesla with log Pm>6.5, FCM can range from 0.1-100. Such c ~ c a l s  should be 
evaluated individually. Without chemical-specific data, M FCM of 1.0 should be used 
(EPA 1993c). 

In cases where the BCF for a particular compound is not available, it ean be estimated from 
the octanol-water partition coefficient of the compound by the following relationship (Lyman et 
al., 1982): 

log BCF = 0.76 log Pm - 0.23 (27) 

The BCF can also lbe estimated from the water solubility of a compound by the following 
regression equation (Lyman et a!., 1982): 

log BCF = 2.791 - 0564 log WS (28) 

. where WS is the water solubility in mg/L water. 

Log P, values, reported or calculated BCF values, and estimated BAF values for chemicals 
for which benchmarks have been derived are included on Table 3. Reported BCFs represent the 
maximum value listed for fish. A FCMl of 1 was applied to all reported BCFs for inorganic 
compounds (EPA, 1993~). Because all wildlife (mink, belted kingfisher, great blue beron), for 
which combined food and water benchmarks were calculated, consume small fish, the trophic 
level 3 PCM appropriate for the log P, of the chemical was applied to all calculated BCFs. 
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Table 3. Qdanol-water partition coefficients, bioconcentration factors, and bioaccrrmulation 
factors for deded chemicals 

ClbrsiralMdFOrm 
Trophic Trophic 

FCM BAF 
Lop pod BCF Level 3 Level 3 h e  

1.95 

6.36 

1.48 

2.13 

1.86 

4.56 

2.47 

4.13 

-0.27 

4.56 

-0.31 

0.35 

5.1 1 

2.83 

5.54 

I .97 

-0.24 0.39' 

231 

1 

5.6 10616.9' 

5.6 10616.9' 

6 -2 30338.9' 

6 .5 5 1286.1' 

17.00 

2.13 24.48' 

5.31 6391.46. 

6.1 25468.3' 

19.00 

4504.P 

12400.00 

83 33' 

9558.73' 

18.5' 

3 .00 

290 .OO 

17.86' 

0.00 

40142.1. 

7.85' 

24.48' 

1 5 -26' 

1720.28' 

44.38' 

810.59. 

0.37. 

1720.2P 

0.34. 

1 .w 

1 .o 

1 .o 

1 .o 
7.5 

7.5 

29.0 

45 .O 

1 .o 
1 .O 

3.7 

25 .O 

1 .o 

2.5 

1 .o 
1 .o 
5.9 

1 .o 

I .o 

1 .o 

I .o 

I .o 

39.0 

1 .O 

1 .o 
1 .o 
1.3 

1 .o 

1.1 

1 .o 

1.3 

1 .o 

1 .o 

0.39 

231.00 

1 .oo 
79627. I7 

79627.17 

879828.44 

2307816.23 

17.00 

24.48 

23648.40 

636707.56 

19.00 

11260.04 

12400.00 

83 3 3  

56396.48 

18 S O  

3 .00 

290.00 

17.86 

0.00 

1565541.58 

7.85 

24.48 

15.26 

2236.37 

44.38 

89 1.65 

0.37 

223637 

0.34 

1.09 

WAF 1989 

EPA 1988c 

EPA 198Ob 

ATSDR 1989 

ATSDR 1989 

ATSDR 1989 

ATSDR 1989 

€PA 1985g 

EPA 1992 

EPA 1992 

EPA 1992 

EPA 1980~ 

EPA 1992 

EPA 19851 

EPA 1992 

EPA 1992 

EPA 1992 

EPA 19851 

EPA 1985e 

EPA 1992 

EPA 1985c 

EPA 1992 

EPA 1992 

EPA 1992 

EPA 1992 

EPA 1992 

EPA 1992 

EPA 1992 

EPA 1992 

€PA 1992 

EPA 1992 

EPA 1992 
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Table 3. (continued) 

AfXtOnC 

Heptachlor 

Lead 

LinQnc (Gamma-BHC) 

-0.24 

4 -27 

3.72 

-0.77 

1.25 

0.29 

1.19 

0.1s 

5.25' 

0.9F 

4.72' 

106.00 

4.64 1978.79' 

0.39 1 .O 039 

1035.62' 1.1 1139.18 

45.00 1 .o 45.00 

395 5s 1 .o 395.55 

60000.00 

0.15 

5.25 

0.98 

4.72 

- .8 

3.4 

2.73 

4.82 

2.49 

2.42 

I .36 

3.2 

8669 

225.94' 

34.00 

69.95' 

271 1.44' 

45 .w 
40.66' 

6.36' 

159 .Z 

966 .OO 

1 .o 

1 .o 

1 .o 

11.0 

1 .o 

I 3  2572.43 

2600.008 

0 86696.19 

1 .o 225.94 

1 .o 34.00 

I -0 69.95 

1.5 4067.16 

1 .o 45 .% 

I .o 40.66 

I .o 6.36 

1 .o 159.22 

1 966.00 

USAF 1989 

EPA 1992 

EPA 1985b 

EPA 1992 

EPA 1993r 

EPA 1992 

EPA 1992 

EPA 1992 

EPA 1992 

EPA 1986f 

EPA 1992 

Peterson and Ncbckcr 
1992 

EPA 1992 

EPA 1992 

EPA 198Od 

EPA 1992 

EPA 1992 

EPA 1992 

EPA 1992 

EPA 1992 

EPA 1992 

EPA 1987 

4. APPLICATION OF THE METHODOLOGY 

Two examples will' be given illustrating the application of the methodology for deriving 
NOAELs and screening benchmarks. In one example (inorganic trivalent arsenic), the estimated 
values were derived primarily from data on laboratory species. In the second example (Aroclor 
1254, a polychlorinated biphenyl), experimental data were available for two species of 
mammalian wildlife. While the examples focus on mammals, derivation of NOAELs and 
screening benchmarks for birds is performed in an identical manner. 
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4.1 INORGANIC TRIVALENT AWENIC 

The toxicity of inorganic compounds containing arsenic depends on the valence or oxidation 
state of the arsenic as well as on the physical and chemical properties of the compound in which 
it occurs. Trivalent (As") compounds such as arsenic trioxide (A%OJ, arsenic trisulfide (As&), 
and sodium arsenite (NaAsQ, are generally more toxic than pentavalent (AS*') compounds such 
as arsenic pentoxide (Ah05), sodium arsenate (NaJ-lAsO,), and calcium arsenate [&(AsO,)J. 
The relative toxicity of the trivalent and pentavalent forms may also be affected by factors such 
as water solubility; the more toxic compounds are generally more water soluble. In this analysis, 
the effects of the trivalent form of arsenic in water soluble inorganic compounds will be 
evaluated. In many cases, only total arsenic concentrations are reported so the assessor must 
conservatively assume that it is all1 trivalent. 

4.1.1 Toxicity to Wildlife 

The only wildlife toxicity information available for trivalent inorganic arsenic compounds 
pertains to acute exposures (Table 4; the values listed are those reported in the literature except 
where noted). 

For whitetail deer, the estimated lethal dose is 34 mg sodium arsenitelkg or 19.5 mg As/kg 
(NU, 1977). For birds, estimated LD, values for sodium arsenite range from 47.6 to 
386 mgkg body weight. Median lethality was also reported at a dietary level of 500 mg/kg food 
for mallard ducks. No information was found in the available literature regarding chronic 
toxicity or reproductive or developmental effects. 

4.12 Toxicity to Domestic Animals 

The toxicity of inorganic trivalent arsenic to domestic animals is summarized in Table 5 (the 
values listed are those given in the source). For assessment purposes, the most useful study is 
the one identifying a dietary NOAEL of 50 ppm As in dogs following a 2 year exposure to 
sodium arsenite. This dietary concentration was estimated to be equivalent to 1.2 mg/kg bw/day. 

4.13 Toxicity to Laboratory Animals (Rodents) 

Selected acute and chronic toxicity data for trivalent arsenic in rats and mice are summarized 
in Table 6 (dietary or drinking water concentrations were converted to daily dose levels using 
reference body weights and Equations 8 and1 20). For assessment purposes, the studies of Byron 
et al. (1967) and that of Schroeder and Mitchener (1971) provide the most useful data. In the 
study of Bryon et al. (1967), a dietary concentration of 62.5 ppm As for 2 years caused no 
adverse effects in rats other than a slight reduction in growth of females. This dietary level, 
which can be considered a NOAEL, is equivalent to a daily dose of 5 mg Askg bw/day. In the 
Schroeder and Mitchener (1971) study, a concentration of 5 mg A s k  in the drinking water of 
mice over three generations was associated with a decrease in litter size and therefore is 
considered a potential population level LOAEL. The equivalent dose was estimated to be 
1.26 mg/kg bw/day; therefore, using Equation 5 ,  the NOAEL is estimated to be 0.126 mglkg 
bw/day. 
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Table 4. Toxicity of trivalent arsenic compounds to wildlife" 

Cone. in Diet h e  
s w  Chemical (mg/kg food) ( m m  Effect Reference 

whaecail d e n  sodium NR 34 Lethal dose NAS, 1977 
lCld0edau-J arsenite 

NR 323 LD, 
(single dose) 

3 2 h y  LDS 

NAS. 1977 sodium 
ammite 

sodium 
m i t e  

sodium 
arsenite 

500 NR NAS. 19T 

NR 47.6 Hudson d al., 1984 

Ring-necked pheasant sodium NR 386 LDS Hudson u al.. 1984 
PhdmmsalMiau) arsenite (single dose) 

. S o ~ r . c t  of data and Efmtlas: Eisla. 1988. NR. Not rcpantd. 

Table 5. Toxicity of trivalent arsenic cornpounds to domestic animalP 

Conc. in Diet" 
SpCXi€?S chmical or Water' Iposed Effect ReFerence 

Robertson 
etal., 1984 

NRCC, 1978 

NRCC, 1978 

Cattie arsenic trioxide NR 33-55 m g h g  
(single dose) 

1-4 g/animal 

5-12 mglkg 
(single dose) 

NR 

2-6 mglkglday 
(14 wk) 

100-200 mghg 

1.5 mglkglday 

toxic 

sodium arseaite NR 

m 
lethal 

acutely toxic d i a m  arsenite 

"total arsemic. 58 mg Aslkg food 
(3 wk) 

NR 

no adverse 
affects 

lethal 

Woolson. 1975 

Horse sodium arsenite NRCC, 1978 

pig 
cat 

sodium arsenite 

arsenite 

500 mg Ash  

NR 

lethal 

chronic toxic 
effects 

lethal 

NAS, 1977 

Pershagen and 
Vahter, 1979 

NRCC, 1978 sodiumarsenite NR 50-150 
mg/animal 

sodium arsenite 125 mg Askg 
food (2 year) 

3.0 mg d U d  
Aslkglday" survival 

Byron et al., 
1967 

sodium arsenite 50 rng Aslkg food 11.2 mg NOAEL Byron et al., 
(2 Ye=) As/kg/day' 1967 
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Table 5. (continued) 

conc in D i d  
SpeCieS chemical or Water' Dosed Effect Referenee 

sodiumarsenite NR 4 mglkglday LOAEk Neiger and 
(58 days) liver enzyme Osweiler, 1989 
+ 8 mglkg changes 
(125 days) 

Mammals arsenic trioxide NR 3-250 W l k g  lethal NAS, 1977 

M d  sodiumarsenite NR 1-25 mgkg lethal NAS, 1977 

chicken arsenite NR 0.01-1.0 pg 4 3 4 %  dead NRCC, 1978 

8-j 
Aslembryo 

Aslembryo 
arsenite NR 0.03-0.3 pg malfonn. NRCC, 1978 

Sancu o f b  o d  ref-: USAF. 1990, Eider. 1988. NR Not VITU!. 

'DioIDly JcvLLgivBmB~&gfood. . . mwacrgivca..mgUIL 

Dac. m mgm bv/doy. rrfcn to CaBpmmd r m h  ockrrrpc .ocod. 
Cakuhud u m g  body weighof 12.7 4 .Id Equmam 8 .9  4 10 

Table 6. Toxicity of trident d c  compounds to laboratory animals 

Conc. in Dief h e  
species Chemic01 or Wa& (w &lW me43 Reference 

Rat arsariCtrioxide NR 15.1 (1 dose) mo Harrison ct ai., 1958 

sodium arsenite I25 mg Askg food 1Q 
(2 y-1 

(2 Ycgt) 

sodium arsenite 62.5 mg A s k g  food 5' 

FEL. bile duct 
enlargement 

reduced growth in 
females; no effect on 
survival 

Byron et al., 1967 

Byron et al.. 1967 

sodium arsenite 31.25 mg Aslkg food 2.5' NOAEL Byron et al., 1967 

sodium arsenite 5 mg A s 5  0.654 NOAEL Schrocdcr ct ai., 

(2 y-1 

(IifetimC) 1968a 

Mouse arsenictrioxide NR 39.4 (1 dose) LD5a Harrison et al., 1958 

sodiumarscnitc NlR a. 23 (1 dose) 
b. 11.5 (1 dose) 

a. Fetal mortality 
b. NOAEL 

Baxley et al., 1981 

arsenic trioxide 75.8 mg AslL 18.9Sd LOAEL; mild Baroni et ai.. 1963 
(lifetime) h yperkeratosiskpi- 

dermal' hyperplasia 

soluble arocnitc 5 mg Asn + 1.26c-4 LOAEL; incr. in Schrocdcr and 
0.06 mg Askg food male to female d o ;  Mitchcner, 1 9 7 1  
(3 generations) dccr. in litter sizc 
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Table 6. (continued) 

Conc. in Diet' Dose 
Effect Reference specier Chemical or WateP (w 

sodium arsenite 5 mg Ad. + 0 . 4 4 G d  LOAEL; slight dect. Schrocdtrand 
0.46 mg A s k g  food in median life span; Balassa. 1967 
(lifctimc) no effect on growth 

sodium arsenite 0.5 mg A s 5  0.129 L o r n ;  Blaktly et al.. 1980 
(3 -1 immunosuppressive 

effects 

a Diccary h l  m mgkg food. 
conoentrationiuwatergivenasm~. 
btmated wing reference body weight (see Table 1) and Equations 8. 9. and 10. 5 -  

&g rtfcrrnce body Weight (sce Table 1) and Equations 19, 20 and 21. d- 

4.1.4 Extrapolations to Wildlife Species 

Estimates of benchmarks for wildlife are shown in Table 7. The values derived from 
laboratory studies are shaded. The NOAELs for dose (mglkg bw/day) were estimated using 
Equation 4. Concentrations in food (C,) equivalent to the N O E L  were calculated using the food 
factors listed in Table 1 and Equation 8. Similarly, concentrations in water (CJ equivalent to 
the NOAELs were estimated from the water factors given in Table 1 and Equation 20. 

Three of the toxicity values listed in Tables 5 and 6 were used to estimate benchmarks for 
wildlife; the drinking water LOAEL of 5 mg/L for mice (Schroeder and Mitchener, 1971); the 
dietary NOAEL of 62.5 ppm for rats (Byron et al., 1967); and a dietary NOAEL of 50 ppm for 
dogs (Bryon et al., 1967). These values were used to estimate NOAELs, Cf, and C, for the 
white-footed mouse, cotton rat, red fox, and whitetai) deer (Table 7). As expected, benchmarks 
derived from related species are similar because of similarities in body weight and food and water 
consumption. Wildlife benchmarks derived from the mouse study are substantially lower than 
the corresponding NOAELs, C,s, and Q derived from the rat or dog studies. There may lbe 
several explanations for these differences. Mice may be unusually sensitive to trivalent arsenic; 
however, the LD, data for rats and mice suggest a similar level of tolerance. The mouse study 
was a three-generation bioassay in which reproductive effects (reduced litter size) were identified. 
Although both the rat and dog studies involved chronic exposure durations, neither evaluated 
potential reproductive effects. Therefore, it is possible that reproductive effects similar to those 
seen in mice might occur in rats and dogs at or below the experimental NOAELs for these 
species if multigeneration studies were conducted. Another possibility is that trivalent arsenic 
may be relatively more toxic in drinking water than food, which might be the case if there were 
significant differences in rates of gastrointestinal absorption. If this can be shown to be the case, 
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I 

' D o g  12.7 0.024 0.051 I .2" 50 26 I 

Red fox 4.5 0.1 0.084 I 
Ejanpohtcd from data for dog + 1 .f" 17 20 

0.024"' 0.24 0.28 1 Extrapolated from data for laboratory moue -+ 

I 
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then benchmarks lbased on media-specific studies would be appropriate. Because there is 
insufficient information to determine which of these factors is responsible, the conservative 
approach would be to use the mouse data to estimate the lbenchmarks for the wildlife species. 

Polychlorinated biphenyls occur in a variety of different formulations consisting of mixtures 
of individual compounds. The most well-known of these formulations is the Aroclor series 
(Le., Aroclor 1016, Aroclor 1242, Aroclor 1248, Aroclor 1254, etc.). The Aroclor formulations 
vary in the percent chlorine, and, generally, the higher the chlorine content the greater the 
toxicity. This analysis will focus on Aroclor 1254 for which chronic toxicity data are available 
for two species of wildlife. 

82.1 Toxicity to Wildlife 

Toxicity data for Aroclor 1254 are available for two species of wildlife: white-footed mice 
and mink (Table 8). In both species, the reproductive system and developing embryos are 
adversely affected lby both acute and chronic exposures. A dietary LOAEL of 10 ppm was 
reported for white-footed mice (Linzey, 1987). Using Equation 5,  a body weight of 0.22 kg 
(Table 1) and a food consumption rate of 3.4 g/day (Table l) ,  the estimated NOAEL for this 
species would be 20.155 mg/kg bw/day. A dietary NOAEL of 1 ppm was reported for mink 
(Aulerich and Ringer, 1977). Using a time-weighted average body weight of 0.8 kg (Bleavins 
et a). 1980) and a food consumption rate of 110 g/day (137 g/kg bw/day x 0.8 kg bw; Bleavins 
and Aulerich 1981), the NOAEL is 0.137 mg/kg/day. 

4.22 Toxicity to Domestic Animals 

No information was found in the available literature on the toxicity of Aroclor 1254 to 
domestic animals. 

4 3 3  Toxicity to Laboratory Animals 

As shown in Table 9, laboratory studies have identified a dietary NOAEL of 5 ppm (= 0.4 
mgkg bw/day) for rats exposed to Aroclor 1254 over two generations (Linder et al., 1974). 
Reported LOAELs are 4-10 times higher than the NOAEL, and the single-dose LDso is about 
4OWfold higher than the NOAEL. As shown by the dose levels that produce fetotoxicity during 
gestation, rabbits appear to be less sensitive than rats. 

43.4 Extrapolations to Wildlife Species 

Experimentally derived and extrapolated toxicity values for Aroclor 1254 for representative 
wildlife species are shown in Table 10. Empirical data are available for three species: laboratory 
rat (Linder et al., 1974), white-footed mouse (Linzey, 1987) and mink (Aulerich and Ringer, 
1977). Reproductive and/or developmental changes were the endpoints evaluated in each of these 
studies. 
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Table 8. Toxicity of Aroclor 1254 to wildlife 

Concentration D a i l g k e  Expos. 
Spgies in Food ( d k d  Period Effect Reference 

white-footed 400 PP? 6 2  2-3 Wk E L .  rcpmd. Sanden and 
mouse Kykpatrick. 1975 

200 ppm 3 1' 6 0 d  LOAEL. Merson and 

10 PPm 1.55' 18mo LOAEL. Linzcy. 1987 

reproduction Kirkpatrick. 1976 

reproduction 

mink 6.5 ppm 0.8P 9 mo LC, Ringer u al., 1981; 
ATSDR. 1989 

Z P P m  0.3gb 9 mo FELILOAEL. Aulench and Ringer, 
0.28' fetotoxicity 1977 

1 PPm 0.137' 5mo NOAEL Aulcricfi and Ringer, 
1977 

Estrmatcd from Equation 8 using a food factor of 0.155. a -  

b Rcportcd by ATSDR (1989); bascd en food intake of 150 g/day and mean body Might of 0.8 kg 
c- a food consumption rate of 110 g/d and a body weight of 0.8 kg (as reported by Blcavms 
et al., 1980). 

Table 9. Toxicitv of M o r  1254 bo laboratorv animals 

Concentration P)aiiyDore Exposure 
s w  in Diet ( W k )  Period EffCU Reference 

Rat 1010 1' day LDSO Ganhoff ct ai., 1981 

Rabbit 

50 ppm 4. During gatation LOAEL, for C o b  and C a p .  1980 
fetotoxicit y 

Z P P m  r 104 Wcek LOAEL. reduced NCI, 1978; 
survival ATSDR. 1989a 

1.6' 2 generations FELILOAEL, Linder u al., 1974 mPPm 
reduced litter size 

5 PPm 0.4- 2 generations NOAEL Lindcr et al., 1974 

10.0 During g d o n  NOAEL for Villcncuvc et al., 1971 
(28 days) retoxicity 

(28 days) 
12.5 During gatation EL, fctal deaths Villarave et al., 1971 

~~~ ~ ~ 

Calculated using a food factor of 0.08 (see Table 1)  and Equation 8. 
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l 

Numbers in parentheses refer to quations in text. 
Shaded values are experimentally derived. 
TWA bw for females to IO mo (reproductive maturity) (EPA, 1988a). 
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The calculated NOAELs are 0.4 mg/kg bwlday for the rat, 0.155 mg/kg bw/day for the 
white-footed mouse, and 0.137 mg/kg bw/day for mink. These data indicate that the laboratory 
rat is less sensitive to the toxicity of Aroclor 1254 than either the white-footed mouse or the 
mink: 

The most conservative benchmark for Aroclor 1254 would be the NOAEL for whitetail deer 
(0.012 mg/kg bw/dag) extrapolated from the data for the white-footed mouse. The NOAEL 
derived from the mink data (0.034 mg/kg) may be more reliable because it was based on an 
experimentally derived NOAEL whereas the white-footed mouse value was based on an 
experimentally derived LOAEL. However, because metabolism and physiology are more likely 
to be similar between an omnivore (mouse) and a herbivore (deer) than between a carnivore 
(mink) and herbivore, the white-footed mouse NOAEL may be a better estimate of toxicity to 
whitetail deer than the mink NOAEL. 

For mink, a combined water quality lbenchmark for Aroclor 1254 can be derived from 
Equation 26. Using a log P, of 6.5 (ATSDR, 1989), the bioconcentration factor (BCF) for 
Aroclor 1254 was estimated from Equation 27 to be 51,286. Conservatively, the diet of mink 
is assumed to consist entirely of small fish (trophic level 3, FCM = 45.0; Table 2); therefore, 
the BAF was estimated to be 2,307,876. For mink weighing 0.8 kg and a NOAEL of 
0.137 mgkg, the combined food and water benchmark for Aroclor 1254 is calculated to be 
0.43 ngk .  

5. SXTE-SPECIFIC CONSIDERATIONS 

The examples given in this report for trivalent inorganic arsenic and Aroclor 1254 illustrate 
the extent of the analysis that is required for an understanding of the toxicity of environmental 
contaminants to wildlife and for the development of benchmark values. For a complete risk 
assessment at a particular site, similar analyses would be needed for all the chemicals present, 
as well as information on their physical and chemical state, their concentration in various 
environmental media, and their bioavailability. The last factor is especially important in 
estimating environmental impacts. For example, insoluble substances tightly bound to soil 
particles are unlikely to be taken up by organisms even if ingested. In addition, the chemical or 
valence state of a contaminant may alter its toxicity such that the different chemical or valence 
states may have to be treated separately as in the case cf trivalent arsenic. Similar problems can 
be encountered with formulations consisting of mixtures of compounds such as the Aroclors, and 
each may have to be evaluated separately, unless the relative potency of each of the components 
can be determined. 

For a site-specific assessment, information on the types of wildlife species present, their 
average body size, and food and water consumption rates would also be needed for calculating 
NOAELs and environmental criteria. Use of observed values for food' and water consumption 
(if available) are recommended over rates estimated by allometric equations. A list of pertinent 
exposure parameters (body weights, food and water consumption rates) for selected avian and 
mammalian species for the DOE Oak Ridge site is given in Appendix B. Exposure information 
for additional wildlife species may be found in Wildlife Exposure Factors Handbook (EPA, 1993a 
and 1993b). Since body size of some species can vary geographically, the more specific the data 
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are to the local population, the more reliable will be the estimates. Data on body size are 
especially important in the extrapolation procedure, particularly if calculations of the NOAEL and 
environmental concentrations are based solely on the adjustment factor as shown in Equation 4. 
In such cases the lowest NOAEL will be derived from the species with the largest body size. 
Estimates of average body weights for wildlife species used herein were obtained from the 
available literature (Appendix B, see also Table 1). These were used to calculate body surface 
area scaling factors from Equation 4 (Table 11) and also to derive food factors from Equation 10 
and water factors from Equations 21 (see Table 1). 

' 

Information on physiological, behavioral, or ecological characteristics of these species can 
also be of special importance in determining if certain species are ,particularly sensitive to a 
particular chemical or groups of chemicals. If one species occurring at a site is known to be 
unusually sensitive to a particular contaminant, then the criteria should be based on data for that 
species (with exceptions noted in the following paragraphs). Similarly, extrapolations from 
studies on laboratory animais should be based on the most sensitive species unless there is 
evidence that this species is unusually sensitive to the chemical. 

Physiological and biochemical data may be important in determining the mechanism whereby 
a species' sensitivity to a chemical may be enhanced or diminished. Such information would aid 
in determining whether data for that species would be appropriate for developing criteria for other 
species. 

For example, if the toxic effects of a chemical are related to the induction of a specific 
enzyme system, as is the case with PCBs, then it would be valuable to know whether 
physiological factors (enzyme activity levels per unit mass of tissue or rates of synthesis of the 
hormones affected by the induced enzymes) in the most sensitive species are significantly 
different from those of other species of wildlife. Furthermore, if the most sensitive species, or 
closely related species, do not occur at a particular site, then a less stringent criterion might be 
acceptable. 

Physiological data may also reveal how rates of absorption and bioavailability vary with 
exposure routes and/or exposure conditions. Gastrointestinal absorption may be substantially 
different depending on whether the chemical is ingested in the diet or in drinking water. 
Therefore, a NOAEL based on a laboratory drinking water study may be inappropriate to use in 
extrapolating to natural populations that would only be exposed to the same chemical in their diet. 
The diet itself may affect gastrointestinal absocption rates. In the case of the mink exposed to 
PCBs, a diet consisting primarily of contaminated fish in which the PCBs are likely to be 
concentrated in fatty tissues may result in a different rate of gastrointestinal absorption than that 
occurring in laboratory rodents dosed with PCBs in dry chow. 

Behavioral and ecological data might also explain differences in sensitivity between species. 
Certain species of wildlife may be more sensitive because of higher levels of environmental stress 
to which they are subjected. This may be especially true of populations occurring at the 
periphery of their normal geographic range. Conversely, laboratory animals maintained under 
stable environmental conditions of low stress may have higher levels of resistance to toxic 
Chemicals. 
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As a first step in developing wildlife criteria for chemicals of concern at DOE sites, relevant 
toxicity data for wildlife and laboratory animals have been compiled (Appendixes A and C). 
These data consist primarily of NOAELs, LOAEL, and L D d  for avian and mammalian species. 
No methodology is currently available for extrapolating from avian or mammalian studies to 
reptiles and amphibians, and no attempt has been made to do so in this report. No pertinent data 
on nonpesticide chemicals were found for amphibians, reptiles, or terrestrial invertebrates. 
Additional chronic exposure studies are needed before toxicological benchmarks can be developed 
for these groups. 

4. RESULTS 

The results of the analyses are presented in Table 12. Because of the consistency of the body 
weight differences for the selected mammalian wildlife species, the calculated NOAELs exhibit 
about a 15-fold range between the species of smallest body size (little brown bat) and that of the 
largest body size (whitetail deer). In terms of dietary intake, the range in values is much less 
(2-3 fold) thereby indicating that equivalent dietary levels of a chemical result in nearly 
equivalent doses between species because food intake is a function of metabolic rate which, in 
turn, is a function of body size @PA, 1980a). However, according to €PA, the correlation is 
not exact because food intake also varies with moisture and caloric content of the food, and it 
should be noted that in laboratory feeding experiments, the test animals are usually dosed with 
the chemical in a dry chow. Therefore, it would be expected that the food factor for a species 
of wildlife would be relatively higher than that of a related laboratory species of comparable body 
size, resulting in a lower dietary benchmark for wildlife species as compared to that for the 
related laboratory species. 

As stated in Sect. 1, ecological risk assessment is a tiered process. As part of the first tier 
or screening assessment, toxicological benchmarks are used to identify Contaminants of Potential 
Concern (COPCs) and to focus future data collection. In the second tier or baseline assessment, 
toxicological benchmarks are one of several lines of evidence used to determine if environmental 
contaminant concentrations are resulting in ecological effects. In a screening assessment, general, 
conservative assumptions are made so that all chemicals that may be present at potentially 
hazardous levels in the environment are retained for future consideration. la contrast, in a 
baseline assessment, more specific assumptions are made so that an accurate estimate of the 
COntamlMn ' t exposure that an individual may experience and potential effects that may result from 
that exposure may be made. 

7.1 SCREENING ASSESSMENT 

Screening assessments serve to identify those contaminants whose concentrations are 
sufficiently high such that they may be hazardous to wildlife. The primary emphasis of a 
screening assessment is to include all potential hazards while eliminating clearly insignificant 
hazards. To prevent any potential hazards from being overlooked, assumptions made in a 
screening assessment are conservative. 
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Questions that drive a screening assessment include: 1) Which media (water, soil, etc.) are 
contaminated such that they may be toxic?, 2) What chemicals are involved? (Which contaminants 
are COPCs)?, 3) What are the concentrations and spatial and temporal distributions of these 
contaminants?, and 4) What organisms are expected to be significantly exposed to the chemicals? 
To answer these questions, diet, water, and combined food and water (for aquatic feeding species) 
benchmark values are compared to the contaminant concentrations observed in the media from 
the site. If the concentration of a contaminant exceeds the benchmark, it should be retained as 
a C O X .  By comparing contaminant concentrations from several locations within a site to 
benchmarks for several endpoint species, the spatial extent of potentially hazardous 
con tamination, which media are contaminated, and the species potentially at risk from 
con tamination may be identified. 

In a screening assessment, it is generally assumed that wildlife species reside and therefore 
forage and drink exclusively from the contaminated site. That is, approximately 100% of the 
food and water they consume is contaminated. While this assumption simplifies the assessment, 
due to the mobility and the diverse diets of most wildlife, it is likely to overestimate the actual 
exposure experienced. It should be remembered, however, that the purpose of the screening 
assessment is to identify potential risks and data gaps to be filled. Once these data gaps are 
Nled, a dehitive evaluation of risk may be made as pan of the baseline assessment. 

In most screening assessments, because they rely on existing data, available data are likely 
to be restricted to contaminant concentration in abiotic media (e.g., soil and water). Contaminant 
conceutrations in wildlife foods may need to be estimated using contaminant uptake models such 
as those described in Baes et al. (1984), Travis and1 Anns (1988), or Menzies et al. (1992). 

Table 13 provides a simplified example of the use of benchmarks in a screening assessment. 
The purpose of the assessment in this example is to identify the contaminants and media with 
concentrations sufficiently lhigh to present a hazard to a representative endpoint species (meadow 
vole). This information will be used to identify gaps in data needed for the baseline assessment. 
Data consists of the concentrations of four metals in soil and water. These data were compared 
to values observed at a representative background location and found to be higher. (Screening 
contaminant concentrations against background1 helps provide a regional context for the data and 
aids in identifying anthropogenic contamination. This is particularly important in areas where 
metal concentrations in native soils are naturally high.) Because dietary exposure cannot be 
evaluated directly from soil concentrations, metal concentrations in the voles’ food (plant foliage) 
was estimated using plant uptake factors for foliage from Baes et al. (1984). To determine which 
contaminants pose a risk, a hazard quotient (HQ) was calculated, where HQ = media 
concentrationhenchmark. If HQ is greater or equal to 1, contaminant concentrations are 
sufficiently high that they may produce adverse effects. Contaminants with HQs greater or equal 
to 1 should be retained as COPCs. In this example, while metal concentrations in water did not 
exceed any water benchmarks, estimated concentrations of As and Hg in plant foliage exceeded 
dietary benchmarks. These metals should therefore be retained as COPCs in food but not in 
water. Because contaminant concentrations in plant foliage were estimated, one data need for the 
baseline assessment consists of actual, measured concentrations in plants. In addition, the form 
of the metals (Le., inorganic vs methyl mercury) should be identified so the most appropriate 
benchmark may be used in the lbaseline assessment. 
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7.2 BASELINE ASSESSMENT 

In contrast to the screening assessment that defines the scope of the assessment, the baseline 
assessment uses new and existing data to evaluate the risk of leaving the site unremediated. The 
purposes of the baseline assessment are to determine 1) if significant ecological effects are 
occurring at the site, 2) the causes of these effects, 3) the source of the causal agents, and 4) the 
consequences of leaving the system unremediatedl. The baseline assessment provides the 
ecological basis for determining the need for remediation. 

Because the baseline assessment focuses on a smaller number of contaminants and species 
than the screening assessment, it can provide a higher level of characterization of toxicity to the 
species and communities at the site. In the baseline ERA, a weight-ofevidence approach 
(Suter, 1993) is employed to determine if and to what degree ecological effects are occurring or 
may occur. The lines of evidence used in a baseline assessment consist of 1) toxicity tests using 
ambient media from the site, 2) biological survey data from the site, and 3) comparison of 
contaminant exposure experienced by endpoint species at the site to wildlife NOAELs. 

Estimating the contaminant exposure experienced by wildlife at a waste site consists of 
summing the exposure received from each separate source. While wildlife may be exposed to 
contaminants through oral ingestion, inhalation, and dermal absorption, the benchmarks in this 
document are only applicable to the most common exposure route-oral ingestion. Exposure 
through inhalation and dermal absorption are special cases that must be considered independently. 

The primary routes of oral exposure for terrestrial wildlife are through ingestion of food 
(either plant or animal) and surface water. In addition, some species may ingest soil incidentally 
while foraging or purposefully to meet nutrient needs. The total exposure experienced by 
terrestrial wildlife is represented by the sum of the exposures from each individual source. Total 
exposure may be represented by the following generalized equation: 

= exposure from all sources 
= exposure from food consumption 
= exposure from water consumption 
= exposure through consumption of soil (either incidental or deliberate) 

&-, 

& 

Building on the screening assessment example, Table 14 provides an example of the use of 
benchmarks in a baseline assessment. The purpose of the assessment in this example is to 
ascertain the level of exposure and risk experienced by a representative endpoint species (meadow 
vole). In addition to soil and water contaminant data, concentrations of As, Pb, Hg, and Se were 
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measured in plants on which meadow voles forage. Exposure parameters for each medium were 
calculated according to the folllowing equation: 

E,,+ = MCR ( k g  o r L/d) x ACM (rne/kg or me/L) 
Body Weight (kg) 

where E- = estimated exposure (mg analyte/kg body weightid) for each medium (e+, food, 
water, and soil); MCR = medium consumption rate; and ACM = analyte concentration in 
media. Body weight (0.044 kg), food (0.005 kg/d) and water (0.006 L/d) consumption rates for 
meadow voles were obtained ftom Appendix B. Beyer et al. (1992) states that soil consumption 
by meadow voles is 2% of food consumption. Therefore, soil consumption was estimated to be 
2% of 0.005 kg/d or O.OOO1 kg/d. As in the screening assessment, an HQ was calculated in 
which tot81 exposure was compared to the NOAEL for each contaminant. Total exposure from 
all sources exceeded NOAELs for both As and Se. 

By comparing the exposure from each source (e.g., water, soil, diet) to the NOAEL, the 
relative contribution of each to the total can be determined. For example, virtually all' Se 
exposure (98.6%) was obtained through food consumption; Se exposures from soil and water 
were both less then the NOAEL. In contrast, As exposure from soil and food both exceeded the 
NOAEL and accounted for 59% and 40% of As exposure, respectively. This information serves 
not only to identify contaminants that present a risk but by identifying the media that account for 
the majority of exposure, these data may 'be used to guide remediation. 

In the preceding example, the species used has a small home range (C 1 ha) and a diet 
restricted to grassy and herbaceous plant material (Reich, 1981). Therefore, it was assumed that 
voles would reside andl forage exclusively on the hypothetical waste site and that 100% of the 
food, water, and soil consumed would be contaminated. Because most wildlife are mobile and 
many species have varied diets, it is not likely that all food, water, or soil ingested by individuals 
of other wildlife endpoint species would be obtained from contaminated sources. In the case of 
species with large home ranges, because they may spend only a portion of their time on a 
contaminated site (and may receive exposure from multiple, spatially separate locations), their 
exposure should be represented by the proportion of food, water, or soil obtained from 
contaminated sources. For species with diverse diets, the c.mtaminant concentrations in the 
different food types consumed is likely to differ. Dietary exposure for these species would be 
represented by the sum of the contaminant concentrations in each food type multiplied by the 
proportion of each food type in the species diet. Ideally, site-specific information on home 
ranges, diet composition, and use of waste sites by endpoint species should be collected. In the 
absence of site specific data, information to estimate exposure for selected wildlife species may 
be found in the Wildlife Exposure Factors Handbook (EPA, 1993a and 1993b)or in other 
published literature. 
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Table U. Toaricological bedmads for sdected avian and mammalian Wildlife swcieS 

I 
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TestSp4cies Species 
NOAEL' 

(mg/lrg= 6 

I 
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+ 

I' 
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Table U. (continued) 

I 
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I 
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I 
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I-v. .” . ._  I ,,.-,. ..,. /... 
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Table U. (continued) 
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TaMe U. (continued) 
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TdIe K. (continued) 
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Table U. (conhuedl 
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Table 12. (continued) 
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Table l.2. (continued) 
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Table l2. (continued) 
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Table 12. (continued) 
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I 
I 

I 

m. 
I 

BHC-a~ixd Mink 0.0137 Mink ' 0.014 0.100 0.138 4.23co6 

Rtd FOX 0.008 0.083 0.099 

Iapawsc 0.563 AmcrisanRobii 0.702 0581 5 -096 
I '  Quail 

05 14 0678 5.086 I 1 1  

I Wcudcack 

Wdd Turkey 0.169 5.6I8 I 5.145 

Behed 0.566 1.116 5.231 4.7245 
Kins- I 



40 
Table 12. (continued) 
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Tabie U. (continued) 

I 
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Tabie 12. (continued) 
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Table U. (continued) 
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Table U. (continued) 



46 
Table U. (continued) 
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Table U. (oontimred) 
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Table l2. (continued) 
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Table 12. (continued) 
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Table U. (continued) 
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Table 12. (continued) 
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Table U. (continued) 
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Table U. (continued) 
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0.081 

0.027 

0.029 

0.018 

0.008 

W& n*qf 

~ 

I 
0.714 0595 

0.138 0.282 

031 1 0292 9.44605 

0.176 om 
0.248 0.117 

I 

I 

Grut  Blue 
Heron 

I l r d  owl 

White-fooredl 
MOUC 

Meadoar Vole 

Cottontail Rabbit 
I 

Mi ~ 

RtdF01 , 

9.698 I25213 125.213 

7.107 8.794 125.035 

0.116 

0.145 

0.102 I 0459 1 0340 I 
1 1  



57 
Table l2. (continued) 

I CoetosltllilRabbit 21.243 307557 219.750 

Minlr 22560 164.669 227.876 1 15k+02 
I 

Red FOX 13.733 137333 162.631 

Whitetail Deer 5.959 193.494 I 90.W 

1 1  

a d  Form 
Test Specks 



58 
Table U. (continued) 
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Table U. (continued) 



60 
Tabie U. (continued) 

Rat 0.8 

I 

ColtontailRabbit 0533 2 . W  5511 

Mini: 1 0.566 4.130 5.715 3.62603 

RedFox 1 0344 3.444 4.079 

whirp.ilDwr 1 0.149 4.853 2.282 

Shon-tailcd I O.ooo45 0 . m s  O.oo205 
S b  1 

LirtlCBmamrnl 0.001 0.002 0.004 

whioe-foatcd 0 . m  0.00259 1 0.00133 
M- I I 

MedowValc O.ooo32 o.oQ282 ' O.oQ235 

Cottontail Rsbba , O.OOO11 0.00056 0.00114 

M i  o.Ooo11 0.m 0.00111 

Red Fox O.ooOo7 O.OW7 0.00083 

0.00097 O.OOO46 

I 
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Table U. (continued) 
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Table U. (continued) 

i l  

Endpoiot 
Specierb 

- 

Litrle Bnmn~Bat 33376 l 1  100.129 208.602 

while-footsd 1 1  23.400 151.409 77.999 
Maroc 

I 
Meadow Vok 18.615 163.814 136.512 

cocrOnmilRabdl 6.253 31.660 64.685 I 

hhk 6.641 48.472 67.077 ~ 

Bed Fox 4.042 40.425 47.872 



64 
Tabie It. (continued) 





66 
Table 12. (continued) 

and Form 
Test Speciea 

Rnt 

Rat 

50 shangittd 141385 235.641 642.657 ~ 

shrsar 
I 

LialeBroamBnt 177.7'23 533.168 1110.766 

White-footed 124.599 806.226 415328 

Meadow Vole 99.123 ' 1  872.278 726.898 

CamnWRabbit 33.2% 168.585 344.436 

I 

MaUe 

Mink 35360 258.102 1 357.172 2.9%+02 

Red Fox 1 -722 17.220 20393 

24.263 11.410 I 



67 
Table U. (continued) 

LittleBmwnBat 
I 

1 McadovVole 
I 

Meadow Vole 11597 102.057 85.047 
I I I I I 1 I 

0.00 O.OO0 O.Oo0 

3510.919 ' 308%.087 25746.739 
I 

M&ylUylKclonc Rat I 

I 

I 

Coeordsilhbbit 1179327 5971374 12199.93C 

I 
Mink ' 1252.451 9141.980 ~ 12651.022 538e+O3 

I 

RedFox 

W i d  Deer 

762.433 7624332 1 '  9028.814 

330.823 10742.235 ~ 5051.754 



68 
Table U. (continued) 

I I I I I Mink 

I I I RcdFax 

I 1 1  Meadow Vole 

Cattontd Rabbit 
I I 

I MinL I Red Fox 

I 
I '  

70.692 117.824 321328 

I 
88 .86 1 266584 555383 

~ 7 . 1 1 3  62.299 1 207.WI ~ 1 
436.139 363.449 

151.641 71 312 



69 
Table U. (continued) 

I 

Nichl 1 -  77.4 Amencan ' Robii' 166325 137.710 1208.209 

Nickelsulfate 1 Amcritan 1 121.787 160.758 1205.687 

1 Duckling 
I I 

I II I I Woodcock I I I I 
WtfdTurtcy 

I 

Bcbtd 1 
Kiagfirberl 

W B l U c  

39.955 1331.822 1219.668 

134.065 264554 1240.097 I 2.4%+00 

53 334 304.632 1209315 ' 2.87e+OO 
II I I I H m  I I I I 

I 

I 

I 

I 

~ Barred owl 79.648 1220.255 1215.063 
I 

Barn owl 91619 684.601 lZ2.502 ~ I 
I 

1 1  Cooper'rhwk 93.645 1209.129 1209.129 

Rd-tdcdHmvk 68.627 84.916 1207.401 

~ ~~~ ~ ~~ , 
LitllcBmpmBal 0.184 0553 I 1.152 

White-- 0.129 0.836 0.431 
MOWC 

Meadow Vole 0.103 0.904 0.754 

Couontnil Rabbit 0.035 ' 0.175 0357 

M i  0.037 0.268 0.370 

I 



70 
Table 12. (~~~Linued) 

1 2424.499 Ip7273.49S I: ~ 15153.121 I 
I whifc-fwgd 1699.783 10998.599 l l  5665.945 

Molrrc I 1 1  
I 

Meadow Volc 1352.240 11899.712 9916.427 I 

-Rabbit 454.216 2299.829 4698.789 I 

I Mink 482.385 3ni.m 4872sn 

I 0512 1.066 IAkBrownBat 0.171 

I 
I 

Meadow Volt 0.095 0.837 0.698 

1 cotmmiiRabbi 0.032 0.162 0.331 I 

I Miak 0.034 0.248 0.343 

I R d  FOX 0.021 0.207 0345 

I WhiIadDea 0.009 0.291 , 0.137 

I 

I 
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Table U. (continued) 



72 
Table l2. (continwd) 

" 

Cottoatail Rabbit ' 0.022 0.112 0.230 
I 

M i  0.024 0.17'2 0.238 6.6245 

Red Fox 0.014 0.144 I 0.170 

W h i i i l  Deer 0.006 0.202 0.095 



73 
Table l2. (continued) 





75 
Table 12 (continued) 

23.7,S-TclnchlOro 
Dibcleodi 

Endpoint 
SpCkSb 

' Ring.nscked O.oooO14 Anmncan ' Robin 0.0000326 0.000027 
PhtmaCK 

0.0000239 0.0000315 
WooQocfr 

I WildTurkey 0.0000078 O.WO26 
I 1  
I 

O.aXlu81 

I 0.0000263 0.0000519 0.0002433 5.-10 
1 -  

I 

I 

Cmt B~UC O.ooOo105 O.OOOOS98 O.OOO2372 6.8%-10 
HUan 

1 B ~ r e d O W l  I 0.0000156 O.ooo239 0.000238 

Barnowl ~ O . r n 1 8  0.0001342 o.ana397 l 1  
L 

Cooper's Hnwk O.aooO184 0.0002376 
I 

I 
I Rak.il#lHawk' 0.0000135 O.aU00167 

II 
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Table U. (continued) 
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Table U. (continued) 

LiltlcBmpmBat 28.436 85307 1 m.mI 
white-foued 19.936 128.996 66.453 

I I I I I M a l u e I  
I II 

139.564 116304 

- u b i  5327 26.974 55.110 

MoadowVok 15.860 
' 

I Mint 5.658 41.2% 1 57.147 1.020-02 1 1 
3.444 ~ 34.441 40.785 

I 
RedFox 



78 
Table l2. (continued) 

I 

1 Test ~1 I 

1 1  Whice-fooccd 1165580 7541.988 3885.267~ ' 
Mourc.  

I 1  McsdowVolc 927.260 8159.888 6799.907 

1.1 ,l-T- mDooc loo0 shM*il.d 1322.610 22W350 6011.864 
S h  I 

I 

I 

~ 

I i 

II 

~~ ~ ~ 

I 

1 -  Rabbit 311.470 15n.063 I 3222.103 
I 

~1 Mid: 330.780 2414.453 3341212 5.17e+01 

RdFm 201360 2013.606) 1 2384526 

Yl- I T- 

I 

, 
W 0.7, -&led 0.880 1.467 4.000 

shfNu 
I 
~Lin lcBropmBa 1.106 3318 6.913 

I 
Whitbfooccd 0.775 5.018 ~ 25ns 

MourC I 

Meadow Vole 

CotmmiiRabbit 

Mink 

0.617 5.429 4524 

0.207 1.049 l 1  2.144 

0.220 1.605 2223 1 3 . M  

I I 
I Red Fox 0.134 1.340 I586 , 

I 
Whitetail Deer 0.058 1.888 0.888 



79 
Table 12. (continued) 

I 
II' I I I MaurC 

1 Mcadwvolc 

I Coaollt.il Rabbi 
I 1  

Y 

I I 

Mint 

RedFox 

whilcl.ilbscr 

W m e  
NOAEL' 

12.919 

19.221 

22.158 

22599 

16561 1 

I 

I 

73515 291.838 

1 294.477 293.224 

165.211 295.019 

291.791 291.791 

20.492 291375 
I 

I cmon, 
17.146 

3324 21510 

4.498 

0574 5.743 6.801 

32353 I 63.843 [ 299.265 I 
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Table U. (continued) 
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Table U. (continued) 

Y . :  " "  

I I I 0.481 0.801 ~ 2.1s 

0 . a  1 1.813 il 3.777 '1 I 0.424 2.741 1.412 

0337 2.966 2.471 

0.113 O J 7 3  1.171 

0.120 0.878 1.214 1.24ao1 ' 

2589 4316 11 .no 

is15 15.976 13313 

0.610 3.088 , 6308 

0.648 ' 4.727 6.542 2.9642 ' 
0.394 3.942 4.669 

0.171 5.555 2612 I 

I 

a 
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Table W. (continued) 

317.192 

106546 

113.152 

68.882 

29.888 

I Test 

2791.290 2326.075 

539.471 1102.1% 

825.927 1142.949 8.54041 

688.816 815.703 

970JOl 456.398 

zinc i 160 
I 

zinc Oxidt 

Endpoint 
SP&ies' 

hbdov Vole 

Cottmsd Rabbit 

Rod FOX 

WhitaDilDea 

htuhr lRobi i  

Woodcock 

Cooper'. Hawk 

Red-tailed Hawk 

452.430 754.051 2056J02 

568.712 1706.136 3554.450 

2579.922 1329.051 398.715 

'1 5.789 6.992 50.788 

5.119 6.758 50.682 
I 

1.680 55.9115 s u m  
5.636 11.121 52.129 l.lsc-02 

2.350 1 '  12.806 50.835 , 133e-02 

3.348 5 1.295 51.m 

3.860 28.778 51389 

3.936 50.827 50.827 

2.885 3510 50.754 

1 1  
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Table 12. (continued) 

See Appcndix A for NOAEL daivclrion, study duration and study ardpoid 
See AppcndixB for body wtights. food and watcramsum#on rates. 

a calculated using Equation 4. 
' caloulatcd using Equation 8. 
calcuhted using Equation 19. 
' Combined hod and w ~ f a  beachmark for aquutic-fadiig species. caleulatcd using Equation 26. 
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Table W. Use of benchmarks in a screehg assessment 

Conraminant Concentrations Benchmarks for Comparison of Mcdia Concentdons to 
Mcadow Vole B a r C h m a r k s  

Analytc 
in Medii 

0.038 

0.069 

0.ms 

131 

18.8 

0.71 

5.24 0.814 0 . m  0.047 NO 

0.85 116.3 13956 O.ooo6 NO 

0.64 0.465 0.558 0.011 NO 

5.36 YES 

0;006 NO 

1.u  YES 

0.582 0.041 NO 0.64 NO selenium 0.02 14.8 0.37 0 . a  

Ehnatea using plant uptake fadom for foliage from Bats ct al. (1984). 
HQ = Mazard Quotient = Media ConccntdonlBenchd. 
Mercury assumed to be in the brm of Methyl Mcrcuiy. 

TIibae14. U s e o f b e n e h m r a r L s h a B - d  

in Media (m@g W / d )  
Contaminant Concatrations Contaminant Exposurc NOAEL HQ' 

far 
Meadow 

-vet 

Water sad Planrs Water soil De Total Vole 
(m%L) (m%kg) 

Arreaic 0.038 131 1-77 0.0052 0.298 0.201 0.504 0.111 434 

0.069 

0.005 

18.8 

0.71 

1.07 0.0094 0.043 0.122 0.174 

0.06 0.0007 0.0016 0.007 0.0093 

15.86 0.01 

0.063 0.15 

0.034 2.68 2.717 0.066 41.1 0.02 14.8 23.61 0.003 

a HQ = Hazard Quotient = Total ExposurelBcachmark. 
Mercury assumed to be in the form of Methyl Mercury. 
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APPENDIX A. Descriptions of Studies Used to Calculate Benchmarks 

Cmpoumd: Acetone 
Fom: not applicable 
Refenme: EPA 1986c 
Test Spies: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kg/d (calculated using allometric equation from 
EPA 1988a) 

Study Wlrration: 
Endpokk Liver and kidney damage 
E x p ~ ~ ~ r e  Route: oral intubation 
Dosage: three dose levels: 

calcmhtioras: not applicable 
C o m e :  Significant tubular degeneration of the kidneys and increases in kidney 

90 days ( < 1 yr and not during a critical lifestage=subchronic). 

100, 500, and 2500 mg/kg/d; NOAEL = 100 mg/kg/d 

weights were observed at the 500 and 2500 mg/kg/d dose levels; liver weights were 
increased at the 2500 mg/kg/d level. Because no significant differences were observed at the 
100 mg/kg/d dose level and the study considered exposure for 90 days and did not include 
critical lifestages (reproduction), this dose was considered to be a subchronic NOAEL. A 
chronic NOAEL was estimated by multiplying the subchronic NOAEL by a subchronic to 
chronic uncertainty factor of 0.1. 

FmP NO- IO mg/kg/d 

Compound: Aldrin 
FQm: not applicable 
Reference: Treon and Cleveland 1955 
Test Species: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kg/d (calculated using allometric equation from 
EPA 1988a) 

Expmm Buration: 
hdpoint: 
Exposure Route: 
Dosage: 

Calculations: 

3 generations (> 1 yr and during a critical llifestage = chronic). 
reproduction 
oral in diet 
three dose levels: 
2.5, 112.5, and 25.0 ppm; NOAEL = 2.5 ppm 

Comernps: Because no significant differences were observed at the 2.5 ppm dose 



level and the study considered exposure throughout 3 generations including critical lifestages 
(reproduction), this dose was considered to be a chronic NOAEL. 

FiD NO- 0.2 mg/kg/d 

Compounmd: Aluminum 
F Q ~ :  A l a 3  

Reference: Ondreicka et al. 1966 
Test species: Mouse 

Body weight: 0.03 kg (EPA 1988a) 
Expawre Duration: 3 generations (> 1 yr and during a critical lifestage = chronic). 
EIldlPOhJk reproduction 
Expcasmre Route: oral in water 
Dosage: one dose level: 

CaBCUlatiQUS: not applicable 
CommenUs: While there were no effects on the number of litters or number of 

offspring per litter, growth of generations 2 and 3 was significantly reduced. Therefore, this 
dose was considered to be a chronic LOAEL. A chronic NOAEL was estimated by 
multiplying the chronic LOAEL by a LOAEL-NOAEL uncertainty factor of 0.1. 

19.3 mg AI /kg/d = LOAEL 

F d  NQAEL 1.93 mg/kg/d 

Compound: Aluminum 
IFolIQ: AMs OIth 
Referenace: Caniere et al. 1986 
Test species: Ringed Dove 

Body weight: 0.155 kg (Terres 1980) 
Food Consumption: 0.01727 kg/d (calculated using allometric equation from 
Nagy 1987) 

Eqwsure Wlmtion: 4 months (> 10 wk and during a critical lifestage = chronic). 
b d p o h t  reproduction 
Exposure Route: oral in diet 
Dosage: one dose level: 

lo00 ppm AI (as Al,(SO,), )= NOAEL 
CalcPrhtiQnS: 

x 17*27gf00d I k g  ' / 0.155 kg BW = 111.4 mglkgld 
day -1 1OoOs 

C o m a &  Because no significant differences were observed at the loo0 ppm dose 
level and the study considered exposure over 4 months including critical lifestages 
(reproduction), this dose was considered to be a chronic NOAEL. 

F i l  NQAEE 111.4 mg/kg/d 



A-5' 

COIXlpCDUIUd: Antimony 
Form: Antimony Potassium Tartrate 
Rehence: Schroeder et al. 1968b 
Test Species: Mouse 

Body weight: 0.03 kg (EPA 1988a) 
Water Consumption: 0.0075 U d  (calculated using allometric equation 
from EPA 1988a) 

Exposure Duration: lifetime ( > 1 yr = chronic). 
Endpht: lifespan, longevity 
Exposprre Roum oral in water 
Dosrage: one dose level: 

CaPcUlatioRls: 
5 ppm Sb = LOAEL 

lOOOmL 
5mg Sb 7.5mL w e r  

doy 
I 0.03 kg BW = 1.25 mglkgld 

Comments Because median lifespan was reduced among female mice exposed to 
the 5 ppm dose level and the study considered exposure throughout the entire lifespan, this 
dose was considered to be a chronic LOAEL. A chronic NOAEL was estimated by 
multiplying the chronic LOAEL by a LOAEL-NOAEL uncertainty factor of 0.1. 

F d  NOAEk 0.125 mg/kg/d 

Compound: Aroclor 1016 
Fom: not applicable 
Reference= Aulerich and Ringer 1980 
Test speck: Mink 

Body weight: 1.0 kg (EPA 1993) 
food consumption: 0.137 kgld (Bleavins and Aulerich 1981) 

Exposure Duration: 18 months ( > 1 yr and during a critical lifestage = chronic). 
h d p o k  reproduction 
E ~ ~ Q S U I R  Route: oral in diet 
Dosage: three dose levels: 

ChlcUnatiom: 
2, 10, and 25 ppm; 10 ppm = NOAEL 

Comments: While kit mortality was greater for all dose levels, these differences 
were not significant. Because Aroclor 1016 at 25 ppm in the diet reduced kit growth, and 
the study considered exposure over 18 months including critical lifestages (reproduction), the 
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10 ppm dose was mnsidered to be a chronic NOAEL. 
F d  NCDAEL: 1.37 mglkgld 

Compound: Aroclor 1242 
FQlTU: not applicable 
Reference: Bleavins et al. 1980 
Test Species: Mink 

Body weight: 1.0 kg (EPA 1993) 
food consumption: 0.137 kgld (Bleavins and Aulerich 1981) 

Exposure ID~mti~n: 7 months (during a critical lifestage = chronic). 
hdpQb.Uk reproduction 
Expasure Route: oral in diet 
DOStg€% four dose levels: 

mcuhtions: 
5 ,  10, 20, and 40 ppm; 5 ppm = LOAEL 

x - ~ J 1 kg BW = 0.685 mglkgld 
l o w  lkg 1 I 

5mg Aroclor 1254 137g food 
day 

Comments Because all Amlor 1242 dose levels produced total reproductive failure, 
and the study considered exposure over 7 months including critical lifestages (reproduction), 
the lowest dose was considered to be a chronic LOAEL. A chronic NOAEL was estimated 
by multiplying the chronic LOAEL by a LOAEL-NOAEL uncertainty factor of 0.1. 

F d  NOAEL: 0.0685 mg/kg/d 

COEEipQUIld: Aroclor 1242 
Form: not applicable 
Reference: McLane and Hughes 1980 
Test species: Screech Owl 

Body weight: 0.181 kg (Dunning 1984) 
food consumption: 1300-1700 glmonthlpair (Pattee et al. 1988) 

Daily food consumption was estimated as follows: 
median food consumption/month/pair = 1500 g; 
I month = 30 d; 
Males and females consume equal amounts of food = 750 glmonth 
750 g/month f 30 d = 25 gJ d 

Exposure Duration: 2 generations(during a critical lifestage = chronic). 
Endpoint: reproduction 
Expure Route: oral in diet 
Dosage: one dose level: 

3 ppm = NOAEL 
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I 0.181 kg BW = 0.41 mglkgld 
25gfood day "I looog 

3mg Amlor1242 
kg food 

Conmnemts. Fertility and hatching success was not significantly reduced by 3 pprn 
Aroclor 1242 in the diet. Because the study considered exposure during reproduction, this 
dose was considered to (be a chronic NOAEL. 

Fml NOAEL: 0.41 mglkgld 

Compound: Aroclor 1248 
F0m: not applicable 
Reference: Barsotti et d. 1976 
Test species: Rhesus Monkey 

Body weight: 5.0 kg (from study) 
food consumption: 0.2 kg/d (EPA 1988a) 

Exposure Duration: 14 months (> 1 yr and during a critical lifestage = chronic). 
Endpoint: reproduction 
Expumre Route: oral in diet 
Dosage: two dose levels: 

Canculations: 
2.5 and 5 ppm; 2.5 ppm = LOAEL 

CowmmaoS: Pregnancy and live birth rates were reduced by both dose levels. 
Because the study considered exposure over 14 months including critical lifestages 
(reproduction), the 2.5 ppm dose was considered to be a chronic LOAEL. A chronic 
NQAEL was estimated by multiplying the chronic LOAEL by a LOAEL-NOAEL uncertainty 
factor of 0.1. 

Fhal NOAIEL. 0.01 mglkgld 

Compound: Aroclor 1254 
lFC#lIlIl: not applicable 
Reference: Dahlgren et al. 1972 
Test Species: Ring-necked Pheasant 

Exposrpre Duration: 17 weeks (> 10 wks and during a critical lifestage = chronic). 
Endpoint: reproduction 
Expcmm Route: 

Body weight: 1 kg (EPA 1993e) 

weekly oral dose via gelatin capsule 
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Dosage: two dose levels: 

CSRhlati0IS: 
Comments: Significantly reduced egg hatchability was observed in both treatment 

12.5 and 50 mghirdiweek; LOAEL = 12.5 mg/bird/week 
12.5 mg/bird/week = 1.8 mg/kg/dl 

groups. Therefore, because the study considered exposure throughout a critical lifestage 
(reproduction), the 12.5 mg/bird/week dose was considered to be a chronic LOAEL. 

F d  NO- 0.18 mg/kg/d 

Compound: Aroclor 1254 
F Q ~ :  not applicable 
Reference: Limy 1987 
Test Species: White-footed mouse 

Body weight: 0.02 kg (from study) 
food consumption (from study): 0.135 g f d / g  BW/d or 2.7 g/animal/d 

ExHwsprae Duration: 18 months (> 1 yr and during a critical lifestage = chronic). 
Endpoint: reproduction 
Exp<bsnrre Route: oral in diet 
Dosage: one dose level: 

CalCUhti0IE: 
10ppm = LOAEL 

x - 1 1 0.02 kg BW = 1.35 mglkgld 
lo0og l k g  1 1 

lOmg Amlor 1254 2.7g food 
day 

CcmmmW. Because Aroclor 1254 at 10 pprn in the diet reduced the number of 
offspring per litter and the study considered exposure over 18 months including critical 
lifestages (repduction), this dose was considered to be a chronic LOAEL. A chronic 
NO= was estimated by multiplying the chronic LOAEL by a LOAEL-NOAU uncertainty 
factor of 0.1. 

F d  NO- 0.135 mg/kg/d 

Cmpouand: Aroclor 1254 
FQm: not applicable 
Reference: Aulerich and Ringer 1977 
Test Species: Mink 

Body weight: 1.0 kg (EPA 1993e) 
food consumption: 0.137 kg/d (Bleavins and Aulench 1981) 

E,xpmre Duration: 4.5 month (during a critical lifestage = chronic). 
Endpoint: reproduction 
Expmre Route: oral in diet 
Dosage: three dose levels: 

1,5, and 15 ppm; NOAEL = 1 ppm. 
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/ 1 kg BW = 0.137 mgJkg/d 
dqy low 

137gfood "I lmg Aroclor 1254 

Ccmnments: Because Aroclor 1254 at 5 and 15 ppm in the diet reduced the number 
of offspring born alive and the study considered exposure over 4.5 months days including 
critical lifestages (reproduction), the 1 ppm dose was considered to be a chronic NOAEL. 

F-I NOAEL 0.137 mg/kg/d 

Compund: Arsenic 
FQm: Arsenite (As+3) 
Reference: Schroeder and Mitchner 1971 
Test Spies: Mouse 

Body weight: 0.03 kg (EPA 1988a) 
Water Consumption: 0.0075 L/d 
Food Consumption: 0.0055 kg/d 
(calculated using allomemc equation from EPA 1988a) 

Zxposure Duration: 3 generations (> 1 yr and during critical lifestage=chronic) 
@IPdpQiX& reproduction 
Exposure Route: 

Dosage: one dose level: 

CrsPcarBations: 

oral in water (+ incidental in food; As species not stated, 
assumed to be As+3) 

5 mg As/L (in water) + 0.06 mg/kg As (in food) = LOAEL 

l L  ] / 0.03 kg BW = 1.25 rng/kg/d 5mg AS" 7 . 5 m ~  water 
L water day 1OOOmL. 

Total Exposure = 1.25 mg/kg/d + 0.011 mg/kg/d = 1.261 mg/kg/di 

Comments: Because mice exposed to displayed declining litter sizes with each 
successive generation and the study considered exposure over 3 generations, this dose was 
considered to be a chronic LOAEL. A chronic NOAEL was estimated by multiplying the 
chronic LOAEL by a LOAEL-NOAEL uncertainty factor of 0.1. 

I 1  N O A m  0.126 mg/kgid 
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Compound Arsenic 
Fom: 
Reference: USFWS 1969 
Test Species: 

Paris Green; Copper Acetoarsenite (44.34% As+’) 

Brown-headed Cowbird (Males only) 
Body weight: 0.049 kg (Dunning 1984) 
Food Consumption: 0.01087 kg/d 
(calculated using allometric equation from Nagy 1987) 

Exposure Duration: 7 months ( > 10 wk=chronic) 
Endpoint: mortality 
Exposure Route: oral in diet 
Dosage: four dose level: 

25, 75, 225, and1 675 ppm Paris Green; NOAEL = 25 ppm 
mg/kg As+3 = 0.4434 x 25 mg/kg = 11.09 mg/kg 

Comments Cowbbds in the 675 and 225 ppm groups experienced 100% mortality. 
Those in the 75 andl 25 ppm groups experienced 20% and 0% mortality, respectively. 
Because the study considered exposure over 7 months, the 25 ppm Paris green ( 11.09 mglkg 
As+’) dose was considered to be a chronic NOAEL. 

F d  NO- 2.46 mg/kg/d 

Campun& Arsenic 
Fom: Sodium Arsenite (51.35% As+’) 
Reference: USFWS 1964 
Test species: Mallard Ducks 

Body weight: 1 kg (Heinz et al. 1989) 
Food Consumption: 0.100 kg/d (Heinz et al. 1989) 

Expawre Duration: 128 d (> 10 wk=chronic) 
Endpoint: mortality 
Exposure Route: oral in diet 
Dosage: four dose level: 

100,250,500, and lo00 ppm Sodium Arsenite; 
NOAEL = 100ppm 
mg/kg AS+’ = 0.5135 x 100 mg/kg = 51.35 mg/kg 

I 1 kg BW = 5.135 rnglkg/d 51.35mg AS” 1008 food [ kg food day 
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Comments Mallards in the IOOO, 500, and 250 ppm groups experienced 92%, 60%. 
and 12% mortality, respectively. Because those in the 100 ppm group experienced 0% 
mortality, and the study considered exposure over 128 days, the 100 ppm Sodium Arsenite ( 
11.09 mg/kg dose was considered to be a chronic NOAEL. 

Fiml NOAEL: 5.135 mg/kg/d 

C Q ~ ~ Q U I U ~ :  Barium 
IF0rn: Barium Chloride 
Reference: Perry et al. 1983 
Test Species: Rat 

Body weight: 0.435 kg (from study) 
Water Consumption: 0.022 U d  (from study) 

bposure Duration: 16 months ( > lyr = chronic) 
hdpoink growth, hypertension 
IEXpcpslare Route: oral in water 
Dosage: three dose level: 

1, 10, and 100, ppm Ba (as Barium Chloride); 
NOAEL = 100 ppm 

calcmlations: 

lL ] / 0.435 kg BW = 5.06 mg/kg/d lOOmg Ba 22mL water 
L water day lOOOmL 

Cmrnmmts: While none of the three dose levels had any affect on food or water 
consumption or on growth, cardiovascular hypertension was observed among rats exposed to 
10 or 100 ppm Ba. Because the significance of hypertension in wild populations is unclear, 
the maximum dose that did not affect growth, food or water consumption (lo0 ppm) was 
considered to be a chronic NOAEL. 

Fmal NOAEE: 5.06 mg/kg/d 

Compound: Barium 
Form: Barium Hydroxide 
Reference: Johnson et al. 1960 
Test Spies:  l-day old chicks 

Body weight: 0.121 kg (meanb+p at 14 d; EPA 1988a) 
Food Consumption: 0.0126 kg/d (calculated using allometric equation from 
EPA 1988a) 

Exposlare Duration: 4 wk ( €  10 wk = subchronic) 
EQdpoint: mortality 
Exposmre Route: oral in diet 
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Dosage: eight dose level: 
250,500,1000,2000,4000,8000,16000, and 32000 ppm 
Ba (as Barium Hydroxide) 

NOAEL = 2000 ppm 

2ooomg Ba x 12'6gfood x "1 / 0.121 kg BW = 208.26 rnglkgld w 1000g 

Comments: To estimate daily Ba intake throughout the 4 week study period, food 
consumption of Zweek-oldl chicks was calculated. While this value will over- and 
underestimate food consumption by younger and older chicks, it was assumed to approximate 
food consumption throughout the entire 4 week study. While Barium exposures up to 2000 
ppm produced no mortality, chicks in the 4000 to 32000 ppm groups experienced 5% to 
10tl96 mortality. Because 2000 ppm was the highest nonlethal dose, this dose was considered 
to be a subchronic NOAEL. A chronic NOAEL was estimated by multiplying the subchronic 
NOAEL by a subchronic to chronic uncertainty factor of 0.1. 

F i  NQAEE: 20.826 mglkgld 

CompuaPd: Benzene 
F Q ~ :  not applicable 
Reference: Nawrot and1 Staples 1979 
Test species: Mouse 

Exposure Duration: days 6-12 of gestation 
Body weight: 0.03 kg (EPA 1988a) 

(during a critical lifestage = chronic). 
Endpinat: reproduction 
Expwup.e Route: oral gavage 
Dosage: three dose levels: 

0.3, 0.5, and 1 mL/kg/d; LOAEL = 0.3 mWkgld 
density of benzene=0.8787 g/mL (Merck 1976) Calculations: 

0.3mL Benzene 0.8787g Benzene 'OJOms] = 263.6 mglkgld 
mL Benzene 1g 

Comments: Benzene exposure of 0.5 and 1.0 mWkg1d significantly increased 
maternal mortality and embryonic resorption. Fetal weights were significantly reduced by all 
three dose levels. While the benzene exposures evaluated in this study were of a short 
duration, they occurred during a critical lifestage. Therefore, the 0.3 mUkg1d dose was 
considered to be a chronic LOAEL. A chronic NOAEL was estimated by multiplying the 
chronic LOAEL by a LOAEL-NOAEL uncertainty factor of 0.1. 

Fmal NOAEL: 26.36 mg/kg/d 
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C0EIlpQUIld p-Benzene Hexachloride (8-BHC) 
Fom: not applicable 
Reference: Van Velsen et al. 1986 
Test Species: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kgld (calculated using allometric equation from 
EPA 1988a) 

Expmre Duration: 13 weeks 

Endpohk 
Exposure Route: oral in diet 
Dosage: four dose levels: 

(< 1 yr and not during a critical lifestage = subchronic). 
growth, blood chemistry, organ histology 

2, 10, 50, and 250 ppm; NOAEL = 50 ppm 
canalatiom: 

C Q ~ ~ X I ~ S :  Consumption of 250 ppm b-BHC in the diet caused gonadal atrophy in 
both male and female rats. Because no significant effects were observed in groups 
consuming 50 ppm &BHC or less, this dose was considered to be a subchronic NOAEL. A 
chronic NOAEL was estimated by multiplying the subchronic NOAEL by a subchronic- 
chronic uncertainty factor of 0.1. 

IFnmaP NO- 0.4 mgJkg1d 

Compound: Benzene Hexachloride (BHC mixed isomers) 
FlDm: not applicable 
Reference: Bleavins et al. 1984 
TeSll species: Mink 

Body weight: 1.0 kg (EPA 1993e) 
food consumption: 0.137 kgld (Bleavins and Aulerich 1981) 

ExpospIre Duration: 331 d (during a critical lifestage = chronic). 
Endpoint: reproduction 
Expcllsure Route: oral in diet 
Dosage: three dose levels: 

capcpplations: 
1,5,  and 25 ppm; 1 ppm = LOAEL 

I m g  BHc x 137gf00d x J 1 kg BW = 0.137 mg1kgJd 
day 



A-14 

Comments: AI1 dose levels produced increased kit mortality and decreased kit body 
weight. Because the study considered exposure over 331 days including critical lifestages 
(reproduction), this dose was considered to be a chronic LOAEL. A chronic NOAEL was 
estimated by multiplying the chronic LOAEL by a LOAEL-NOAEL uncertainty factor of 
0.1. 

F d  NOAEL: 0.0137 mg/kg/d 

Compound: 
Fom: 
Reference: 
Test SIcpeCies: 

Benzene Hexachloride (BHC mixed isomers) 
not applicable 

Grant et al. 1977 
Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kgld (calculated using allometric equation 
from EPA 1988a) 

Expcllsrare Duration: 4 generations (> 1 yr and during a critical Iifestage = chronic). 
Endpoint: reproduction 
Exposanre Route: oral in diet 
Dosage= seven dose levels: 

CdcprlaticpnS: 
10, 20, 40, 80, 160, 320, and 640 ppm; NOAEL = 20 ppm 

2omg x 28gfo0d x lklF I 0.35 kg BW = 1.6 mg/kg/d 
day --I looos 

Commentc: Consumption of 320 ppm and 640 ppm BHC in the diet increased 
m a t e d  mortality, 80 - 640 ppm BHC reduced litter sizes, and1 40 - 320 ppm BHC reduced 
birthweights. Because no significant effects were observed in groups consuming 10 or 20 
ppm BHC in their diet and the study considered exposure throughout four generations 
including critical lifestages (reproduction), the 20 ppm dose was considered to be a chronic 
NOAEL. 

Finall NOAEL 1.6 mg/kg/d 

CmpoUnd Benzene Hexachloride (BHC mixed isomers) 
Form: not applicable 
Reference: Voset al. 1971 
Test species: Japanese Quai1 

Body weight: 0.150 kg (from study) 
Food Consumption: 0.0169 kg/d (calculated using allometric equation 
from Nagy 1987) 

Exposure Duration: 90 d (during a critical lifestage = chronic). 
IEPPdpoint: reproduction 
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Exposure Route: oral in diet 
Dosage: seven dose levels: 

Calculations: 
1, 5, 20, and 80 ppm; NOAEL = 5 ppm 

x - I / 0.15 kg BW = 0.563 mg/kg/d 
1oOoS lkg 1 5mg BHC 16.9g food 

day 

Comments: Consumption of 20 ppm and 80 ppm BHC in the diet reduced egg 
hatchability and egg volume. Because no significant effects were observed in groups 
consumhg 1 or 5 ppm BHC in their diet and the study considered exposure throughout a 
critical lifestage (reproduction), the 5 ppm dose was considered to be a chronic NOAEL. 

Final NOAEL: 0.563 mg/kg/d 

Cmpound: Benwopyrene (Bap) 
Fom: not applicable 
Reference: Mackenzie and Angevine 1981 
Test species: Mouse 

Exposure Duration: days 7-16 of gestation (during a critical lifestage = chronic). 
Exndpoint: reproduction 
Exposure Route: oral intubation 
Dosage: three dose levels: 

calcuhtions: not applicable 
Comments: BaP exposure 160 mg/kg/d significantly reduced pregnancy rates and 

Body weight: 0.03 kg (EPA 1988a) 

10, 40, and 160 mg/kg/d; LOAEL = 10 mg/kg/d 

percentage of viable litters. Pup weights were significantly reduced by all three dose levels. 
Total sterility was observed in 97% of offspring in the 40 and 160 mg/kg/d groups and 
fertility was impaired among offspring in the 10 mg/kg/d group. While the BaP exposures 
evaluated in this study were of a short duration, they occurred during a critical lifestage. 
Therefore, the 10 mg/kg/d dose was considered to be a chronic LOAEL. A chronic NOAEL 
was estimated by multiplying the chronic LOAEL by a LOAEL-NOAEL uncertainty factor of 
0.1. 

FmaB NOAEL 1 mg/kg/d 

Compound: Beryllium 
IF0m Beryllium Sulfate 
Reference: Schroeder and Mitchner 1975 
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Test species: Rat 
Body weight: 0.35 kg (EPA 19%) 
Water Consumption: 0.046 Wd (calculated using allometric equation 
from EPA 1988a) 

Expcsure Duration: lifetime (> 1 yr = chronic) 
Endpohk longevity, weight loss 
Exposure Route: oral in water 
Dosage: one dose level: 

5 ppm Be = NOAEL 
C d C U h t h l S :  

l L  / 0.35 kg BW = 0.66 mglkgld 5mg Be 46mL waer 
L waer day loO0mL 1 

Comments While exposure to 5 ppm Be in water did not reduce longevity, weight 
loss by males was observed in months 2 - 6. Because the weight llcss was not considered to 
be an adverse effect, the 5 pprn dose level was considered to lbe a chronic NOAEL. 

E l i 1  NOAEL 0.66 mg/kg/d 

CQERlpCDUrPd: Bis(2-ethyEhexy1)Phthalate (BEHP) 
FQm: not applicable 
Reference: Lamb et al. 1987 
Test Species: Mouse 

Body weight: 0.03 kg (EPA 1988a) 
Food Consumption: 0.0055 kgld 
(calculated using allometric equation from EPA 1988a) 

Ekposure Duration: 105 d (during critical lifestage = chronic). 
Endpoint: reproduction 
Exposanre Route: oral in diet 
Dosage: three dose levels: 

0.01 %, 0.1% and 0.3% of diet; 
NOAEL = 0.01% = 100 mg/kg 

calculations: 

lmmg BEHp x 5*5gf00d x a] I 0.03 kg BW = 18.33 mglkgld 
day low? 

Comments While significant reproductive effects were observed among mice on 
diets containing 0.1 % andl 0.3 % Bis(2-ethylhexyl)Phthalate, no adverse effects were observed 
among the 0.01 96 dose group. Because the study considered exposure during critical 
lifestage, the 0.01 5% dose was considered to be a chronic NOAEL. 

Final NOAEL 18.33 mg/kg/d ' 
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Compound Bis(2-ethylhexyl)Phthalate (BEHP) 
Fol=Ul: not applicable 
Reference: Peakall 1974 
Test Species: Ringed Dove 

Body weight: 0.155 kg (Terres 1980) 
Food Consumption: 0.01727 kg/d (calculated using allometric equation from 

.. Nagy 1987) 
Exposure Duration: 4 weeks (during Critical lifestage = chronic). 
Endpoint: reproduction 
Expasure Route: oral in diet 
Dosage: one dose level: 

CalcuRations: 
10 ppm = NOAEL 

Comments: N o  significant reproductive effects were observed among doves on diets 
containing 10 ppm Bis(2-ethylhexyl)Phthalate, and the study considered exposure over 4 
weeks and during a critical lifestage, the 10 ppm dose was considered to be a chronic 
NOAEL.. 

Fmal NOAEL: 1.1 1 mg/kg/d 

CQEII~QWI~: Cadmium 
p;bITXU: soluble salt 
Reference: Schroeder and Mitchner 1971 
nst Species: Mouse 

Body weight: 0.03 kg (EPA 1988a) 
Water Consumption: 0.0075 Lld 
Food Consumption: 0.0055 kgld 
(calculated using allometric equation from €PA 1988a) 

Exposure Duration: 2 generations (> 1 yr and during a critical lifestage = chronic). 
Endpoint: reproduction 
Expasure Route: 
Dosage: one dose level: 

oral in water (+incidental in food) 

10 ppm Cd (in water) + 0.1 ppm Cd (in food) = LOAEL 
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lOmg Gi lL ] / 0.03 kg BW = 2.5 mg/kg/d 7.5mL water 
day loO0mL 

Total Exposure = 2.5 mg/kg/d + 0.018 mg/kg/d = 2.518 mg/kg/d 

Comments Because mice exposed to Cd displayed reduced reproductive success (the 
strain did not survive to the third generation) and congenital deformities, this dose was 
Considered to be a chronic LOAEL. A chronic NOAEL was estimated by multiplying the 
chronic U)AEL by a LOAEL-NOAEL uncertainty factor of 0.1. 

Final NQAEL: 0.1913 mg/kg/d 

CQKIIpOUNId: Cadmium 
FCBITfl: Cadmium Chloride 
Reference: White and FinIey 1978 
Test Species: Mallard Ducks 

Body weight: 1.153 kg (from study) 
Food Consumption: 0.110 kg/d (from study) 

Exposure Duration: 90 d (> 10 wk and during a critical lifestage =chronic) 
ElDdpoht: reproduction 
Exposure Route: oral in diet 
Dosage: three dose level: 

1.6, 15.2, and 210 pprn Cd 
NOAEL = 115.2ppm 

a 8 C R l h t i O n S :  

Comments: Mallards in the 210 pprn group produced significantly fewer eggs than 
those in the other groups. Because the study considered exposure over 90 days, the 15.2 
ppm Cd dose was considered to be a chronic NOAEL. 

Fml N Q A a  1.45 mg/kg/d 

Compound: Carbon Tetrachloride 
Form: not applicable 
Reference: Alumot at al. 1976a 
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Test species: Rat 
Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kgld (calculated using allometric equation 
from EPA 1988a) 

Expcpsapre hat ion:  2 yr (> 1 yr and during a critical lifestage = chronic). 
Endpoink reproduction 
Expospnre Route: oral in diet 
Dosage: two dose levels: 

80 and 200 ppm; 
No effects observed at either dose level. 

CraBcarlations: 

2mmg cad 28s food I 0.35 kg BW = 16 mglkgld 
day 

X 

Comments Because no significant differences were observed at either dose level and 
the study considered exposure throughout 2 years including critical lifestages (reproduction), 
the maximum dose was considered to be a chronic NOAEL. 

F i i  NO- 16 mg/kg/d 

C0IKlpQUlIkd: Chlordane 
Fom: not applicable 
Reference: WHO 1984 (secondary source; Primary citation: Keplinger, 

M.L., W.B. Deichman, and F. Sala. 1968. Effects of 
pesticides on reproduction in mice. Ind. Med. Surg. 37: 525.) 

Test species: Mouse 
Body weight: 0.03 kg (EPA 1988a) 
Food Consumption: 0.0055 kg/d 
(dculated using allometric equation from EPA 1988a) 

Exposure Duration: 6 generations (> 1 yr and during a critical lifestage = chronic). 
Endpoint: reproduction 
Expawe Route: oral in diet 
Dwge: three dose levels: 

canculations: 
25, 50, and 100 mg/kg; NOAEL = 25 mglkg 

Comments: While significant effects were observed among mice on diets containing 
50 and 100 mg/kg Chlordane (decreased viability and reduced abundance of offspring), no 
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adverse effects were observed among the 25 mg/kg dose group. Because the study 
considered exposure over six generations and through reproduction, the 25 mg/kg dose was 
amsidered to be a chronic NOAEL. 

Final NOAEE: 4.58 mg/kg/d 

Compound: Chlordane 
Fow: not applicable 
Reference: Stickel et al. 1983 
Test Species: Red-winged Blackbird1 

Body weight: 0.064 kg (from study) 
Food Consumption: 0.0137 kg/d 
(calculated using allometric equation from Nagy 1987) 

Exposare Duration: 84 days (> 10 weeks = chronic). 
Endpoint: mortality 
Exposure Route: oral in diet 
Dosage: three dose levels: 

CalCUlati0lBS: 
10,50, and 100 ppm; NOAEL = 10 ppm 

lomg chlordane x 13.7gf00d x "1 / 0.064 kg B W  = 2.14 mglkgld 
day 1oOos 

Comments While 26% and 24% mortality was observed among birds on diets 
containing 50 and 100 mg/kg Chlordane, no adverse effects were observed among the 10 
mg/kg dose group. Because the study considered exposure over 84 days, the 10 mg/kg dose 
was considered to be a chronic NOAEL. 

Final N Q A m  2.14 mg/kg/d 

Compound: 
Fom: 
Reference: 
Test Species: 

Chlordecone (Kepone) 
not applicable 

l a s o n  et al. 1979 
Rat 

Body weight: 0.35 kg (EPA 19%) 
Food Consumption: 0.028 kg/d (calculated using allometric equation 
from EPA 1988a) 

Exposure Duration: 2 yr (> 1 yr and during a critical lifestage = chronic). 
&IdpQhlt: mortality, growth, kidney damage 
Exposure Route: oral in diet 
Dosage: five dose levels: 

1, 5 ,  10,25, and 80 ppm; NOAEL = 1 pprn 



10.35 kg BW = 0.08 mglkg/d Img ChIordecone 

Cments :  Chlordecone at 25 and 80 ppm in the diet produced 100% mortality in 6 
months. Growth was depressed by 10 and 25 ppm and kidney damage was observed at doses 
as low as 5 ppm. Because the study considered exposure throughout 2 years, the 1 ppm dose 
was considered to be a chronic NOAEL. 

Fml NOAEL 0.08 mg/kg/d 

C Q ~ ~ Q U D I ~ :  Chloroform 
F0X3J.l: not applicable 
Reference: Palmer et al. 1979 
Test Species: Rat 

Body weight: 0.35 kg (EPA 198th) 
Expwre hration: 13 wk (< 1 yr and not during a critical lifestage = subchronic). 
Endpobnk liver, kidney, gonad condition 
IZxpsure Route: oral intubation 
Dmge: four dose levels: 

Cdcn8atioas: not applicable 
Cmnmenk GonadaJ atrophy was observed among male and female rats receiving 

15, 30, 150, and 410 mglkg/d; NOAEL = 150 mg/kg/d 

410 mg/kg/d; therefore 150 mg/kg/d was considered to be a subchronic NOAEL. To 
estimate the chronic NOAEL, the subchronic NOAEL was multiplied by a subchronic- 
chronic uncertainty factor of 0.1. 

Finan NOAEL: 15 mg/kg/d 

Compmndl: 
FOW: 
Refemme: 
Test Species: 

Chromium 
CP3 as Cr203 (68.42% Cr) 

Ivankovic and Preussmann 1975 
Rat 

Body weight: 0.35 kg @PA 1988a) 
Food Consumption: 0.028 kgld (calculated using allometric equation 
from EPA 1988a) 

Exposme Hhnmtion: 90 d and 2 yr 
Endpoint: reproduction, longevity 
Exposprre Route: oral in diet 
Dosage: three dose levels: 

Cr203 as 1%, 2% or 5% of diet 
No effects observed at any dose level 
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0.6842 x 4000 mg Cr203 /kg/d or 2737 mg CP3/kg/d. 
Comments: Reproductive effects were evaluated among rats fed 2% or 5 %  Cr203 for 

90 d; Carcinogenicity and longevity were evaluated among rats fed 1 % , 2% or 5 % Cr203 for 
2 years. Because no significant differences were observed at any dose level in either study 
and both studies considered exposure throughout 2 years or a critical lifestage (reproduction), 
the maximum dose was considered to be a chronic NOAEL. 

F i l  NOAEPL: 2737 mg/kg/d 

Compomd 
FQm: 
Reference: 
Test Specks: 

Chromium 
CP6 as K2Cr20, 

MacKenzie et al. 1958 
Rat 

Body weight: 0.35 kg (EPA 1988a) 
Water Consumption: 0.046 Ud (calculated using allometric equation 
from EPA 1988a) 

1 Yr 
body weight and food consumption 
oral in water 
six dose levels: 
0.45, 2.2, 4.5,  7.7, 11.2, and 25 ppm CP6 in diet 
No effects observed at any dose level 

w ~ e r  / 0.35 kg BW = 3.28 rng/kg/d 1 X 
day 

Comments Because no significant differences were observed at any dose level 
studied and the study considered exposure over 1 year, the maximum dose was considered to 
be a chronic NOAEL. 

prpplal NO- 3.28 mg/kg/d 

Compomd: C hromi um 
F Q ~ :  CP3 as CrK(SO& 
Reference: Haseltine et al. , unpubl. data 
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T& species: Black duck 
Body weight: 1.25 kg (meand+*; Dunning 1984) 
Food Consumption: Congeneric Mallard ducks, weighing 1 kg consume 
100 g foodid (Heinz et al.1989). Therefore, it was assumed that a 
1.25 kg black duck would consume 125 g foodld. 

Expawre Duration: 10 mo. (> 10 weeks and during a critical llifestage = chronic). 
bdpoink reproduction 
Exposure Route: oral in diet 
Dosage: two dose levels: 

CaBculatiolaS: 
10 and 50 ppm CP3 in diet; NOAEL = 10 ppm 

Carnnaents Because no significant differences were observed at the 10 pprn C f 3  
dose level and the study considered exposure throughout a critical lifestage (reproduction), 
this dose was considered to be a chronic NOAEL. 

FmP NOAEL: 1 mg/kg/d 

comgounnd: copper 
Form: Copper Sulfate 
wefe!!rernce: Aulerich et al. 1982 

Body weight: 1.0 kg (EPA 1993e) 
food consumption: 0.137 kg/d (Bleavins and Aulerich 1981) 

Test species: Mink 

Exposure hmtion: 357 d (during a critical lifestage = chronic). 
Endpoint: reproduction 
Exposure Route: oral in diet 
Dosage: four dose levels: 

25, 50, 100, and 200 ppm Cu supplemental + 60.5 ppm Cu 
in base feed; NOAEL = 85.5 ppm Cu (supplement + base) 

Calcdations: 

Comments: Consumption of 50, 100, and 200 ppm supplemental Cu increased the 
percentage mortality of mink kits. Kit survivorship among the 25 ppm supplemental Cu 
group was actual greater than the controls. Because this study was approximately one year 
in duration and considered exposure during reproduction, the 25 ppm supplemental Cu (85.5 
ppm total Cu) dose was considered to be a chronic NOAEL. 

F i i l  NQAEL: 1 1.71 mg/kg/d 
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Compound: copper 
F0IQ: Copper Oxide 
Reference: Mehring et al. 1960 
Ted species: 1 day old chicks 

Body weight: 0.534 kg (mean6+p at 5 weeks; EPA 1988a) 
food consumption: 0.044 kgld (calculated using allometric equation 
from EPA 19%) 

Exposure Duration: 10 weeks (10 weeks = chronic). 

Exposure Route: oral in diet 
Dosage: eleven dose levels: 

Endpow growth 

36.8, 52.0, 73.5, 104.0, 147.1, 208.0, 294.1, 403, 570, 749, 
and 1 180 ppm total Cu; NOAEL = 403 ppm total Cu 

QkUhtiOnS: 

403mg x 44gfo0d x Ikg ' I 0.534 kg BW = 33.21 mglkgld 
day 1QW 1 

Comments Consumption of Cu up to 403 ppm had no effect of growth of chicks. 
Because this study was 10 weeks in duration, the 403 ppm Cu dose was considered to be a 
chronic NOAEL. To estimate daily Cu intake throughout the 10 week study period, food 
consumption of 5-week-old chicks was calculated. While this value will over- and 
underestimate food consumption by younger and older chicks, it was assumed to approximate 
food consumption throughout the entire 10 week study. 

Finral NO=: 33-21 mg/kg/d 

Compound: 0-Cresol' 
F o m  not applicable 
Reference: Hornshaw et al. 1986 
Test Species: Mink 

Body weight: 1.0 kg (EPA 1993e) 
food consumption: 0.137 kgld (Bleavins and Aulench 1981) 

Exposlpre Duration: 6 months (during a critical lifestage = chronic). 
Endpoint: reproduction 
Exposure Route: oral in diet 
Dosage: three dose levels: 

canculations: 
100,400, and 1600 ppm ; NOAEL = 1600 pprn 
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Comments No adverse effects were observed at any dose level. Because this study 
considered exposure during reproduction, the maximum dose was considered to be a chronic 
NOAEL. 

Fml NOAEL 216.2 mg/kg/d 

Compound: Cyanide 
F0m: Potassium Cyanide 
Reference: Tewe and Maner 1981 
Test species: Rat 

Body weight: 0.273 kg (from study) 
Food Consumption: 0.0375 kgld (from study) 

Expamre Duration: gestation and lactation (during a critical lifestage = chronic). 
Endpint: reproduction 
Expposarre Route: oral in diet 
Dosage: one dose level: 

500 ppm CN = LOAEL 
No effects observed at either dose level. 

cancwiolps: 

500mg x 37.5gf00d 
' / 0.273 kg B W  = 68.7 mglkgld 

day 

CQIEUIW&X Because consumption of 500 ppm CN reduced offspring growth and the 
study considered exposwe throughout a critical lifestage (reproduction), this dose was 
considered to be a chronic LOAEL. To estimate the chronic NOAEL, the chronic NOAEL 
was multiplied by a LOAEL-NOAEL uncertainty factor of 0.1. 

EhaQ NQA@L: 6.87 mg/kg/d 

COXIlp0Ulnd: 
Form: 
Reference: 
Test Species: 

DDT 
not applicable 

Fitzhugh 1948 
Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kg/d (calculated using allometric equation 
from EPA 1988a) 

Exp0sarx-e Duration: 2 yr (> 1 yr and during a critical lifestage = chronic) 
ElldpcPiElk reproduction, 
Exposure Route: oral in diet 
Dosage: four dose levels: 

10,50, 100, and 600 ppm; NOAEL = 10 ppm 
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lOmg DDT [ @food 
10.35 kg BW = 0.8 mglkgld 

28gfood day "I looog 
X 

C6nnwmts: While consumption of 50 ppm or more DDT in the diet reduced the 
number of young produced, no adverse effects were observed at the 10 ppm DDT dose level. 
Because the study considered exposure throughout 2 years and reproduction, the 10 ppm 
DDT dose was considered to be a chronic NOAEL. 

F d  NOAEL: 0.8 mg/kg/d 

Compound: DDT 
FQm: not applicable 
Reference: Anderson et al. 1975 
Test Species: Brown Pelican 

Body weight: 3.5 kg (Dunning 1984) 
Food Consumption: 0.66 lkg/d (EPA 1993e) 

Exposure Duration: 5 yr (> 1 yr and during a Critical lifestage = chronic) 
Endpoint: reproduction, 
Exposure Route: oral in diet 
Dosage: one dose level: 

0.15 ppm DDT; LOAEL = 0.15 ppm 

Comments: Anderson et al. (1975) studied the reproductive success of pelicans from 
1969 through 1974. During this time, DDT residues in anchovies, their primary food, 
declined from 4.27 ppm (wet weight) to 0.15 ppm (wet weight). While reproductive success 
improved from 1969 to 1974, in 1974 the fledgling rate was still 30% below that needed to 
maintain a stable population. Because this study was long-term and considered reproductive 
effects in a wildlife species, EPA (1993) judged this study to be the most appropriate to 
evaluate DDT effects to avian wildlife. Therefore the 0.15 ppm DDT value was considered 
to be a chronic LOAEL. To estimate the chronic NOAEL, the chronic NOAEL was 
multiplied by a LOAEL-NOAEL uncertainty factor of 0.1. 

Fml NQAEL 0.00028 mglkgld 

Compound: 1,2,-Dichlomthane 
Fom: not applicable 
Reference: Laneetal. 1982 
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Test species: Mouse 
Body weight: 0.035 kg (from study) 
Water Consumption: 6 m u d  (from study) 

Exposure hration: 2 generations ( > 1 yr and during a critical lifestage = chronic). 
&d@lt: reproduction 
Exposure Route: oral in water 
Dosage: three dose levels: 

5 ,  15, and1 50 mg/kg/d 
No effects observed at any dose level. 

eaDClplati0rnS: not applicable 
Comments Because no significant differences were observed at any dose level and 

the study considered exposure throughout 2 genedons including critical lifestages 
(reproduction), the maximum dose was considered to be a chronic NOAEL. 

Fml NQAEE: 50 mg/kg/d. 

Compound: 1,2,-Dichloroethane 
Fom: not applicable 
Reference: Alumot at al. 1976b 
Test species: Chicken 

Body weight: 1.6 kg (meand+? from study) 
Food Consumption: 0.11 kg/d (calculated using allomemc equation 
from EPA 1988a) 

Expasure Duration: 2 yr (> 10 wk and during a critical lifestage = chronic). 
Endpint: reproduction 
Exposure Route: oral in diet 
Dosage: two dose levels: 

250 and 500 ppm; NOAEL = 250 ppm 
CakPIhtiQUS: 

Comments: Because no significant differences were observed at the 250 ppm dose 
level and the study considered exposure throughout 2 years including critical lifestages 
(reproduction), this dose was considered to be a chronic NOAEL. 

E i l  NQAEL 17.2 mg/kg/d 

Compound: 1,l-Dichloroethylene 
Form: not applicable 
Refere!Elce: Quast et al. 1983 
Test Species: Rat 

Body weight: 0.35 kg (EPA 1988a) 
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Exposure Duration: 2 years ( > 1 yr = chronic). 
EndpoiPlf: 
]EXPQSUI~ Route: oral in water 
Dosage: three dose levels: 

mortality, body weight, blood chemistry, liver histology 

7, 10, and 20 mg/kg/d (males) and 
9, 14, and 30 mg/kg/d (females); NOAEL = 30 mg/kg/d 

calculations: not applicable 
Comments The only treatment-related effect obsaved were microscopic hepatic 

lesions. These were evident among females at all dose levels and among males only at the 
highest dose level. No other treatment effects were observed. Because the relationship of 
hepatic lesions to potential population effects is unknown and no other effects were observed, 
the maximum dose, 30 mglkgld was considered a chronic NOAEL. 

Fml NOAEL 30 mg/kg/d 

CQIllPOUIld: 1 , 1-Dichloroethylene 
Fom: not applicable 
Reference: Quast et al. 1983 
Test species: dog (b-gle) 

Body weight: 10 kg (EPA 1988a) 
Exposure iDu~mtiom: 97 d (e 1 yr and not during a critical lifestage = subchronic). 
&dpQiQk 
Exposure Rouk daily oral capsules 
Dosage: three dose levels: 

C d C U l a t i O n s :  not applicable 
Comments: No adverse effects were observed among any of the treatments, 

mortality, body weight, blood chemistry, liver histology 

6.25, 12.5, and 25 mg/kg/d; NOAEL = 25 mg/kg/d 

therefore the maximum dose, 25 mg/kg/d was considered a subchronic NOAEL. A chronic 
NOAEL was estimated by multiplying the subchronic NOAEL by a subchronicchronic 
uncertainty factor of 0.1. 

Fml NOAEL: 2.5 mg/kg/d 

Compound: 1,2-Dichloroethylene 
Fornxl: not applicable 
Reference: Palmer et d. I979 
Test Species: Mouse 

Exposplre Duration: 90 d (< 1 yr and not during a critical lifestage = subchronic). 
Endpohnk 
Exposplre Route: oral in water 

Body weight: 0.03 kg (€PA 1988a) 

body and organ weights, blood chemistry, hepatic function 
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Dosage: three dose levels: 
16.8, 175, and 387 mg/kg/d (Males) 
22.6, 224, and 452 mg/kg/d (Females) 
NOAEL = 452 mg/kg/d 

Calculations: not applicable 
Cnffnwernts: Exposure to 387 mg/kg/d 1,2-Dichloroethylene reduced glutathione 

levels in males and all dose levels reduced aniline hydroxylase activity in females. No other 
treatment effects were observed. Because the relationship of enzyme levels to potential 
population effects is unknown and no other effects were observed, the maximum dose, 452 
mg/kg/d was considered a subchronic NOAEL. To estimate the chronic NOAEL, the 
s~~bchronic NOAEL was multiplied by a subchronic-chronic uncertainty factor of 0.1. 

F d  NO= 45.2 mg/kg/d 

CQlXlpOUIld: Dieldrin 
lFOI=EU: not applicable 
Reference: Treon and Cleveland 1955 
Test species: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kgld (calculated using allometric equation from 
EPA 1988a) 

Exposure Duration: 3 generations ( > 1 yr and during a critical lifestage = chronic). 
Endp&t: reproduction 
Exposure Route: oral in diet 
Dosage: three dose levels: 

Calcuhtions: 
2.5, 12.5, and 25.0 ppm; LOAEL = 2.5 ppm 

Comments Because Dieldrin at 2.5 ppm in the diet reduced the number of 
pregnancies in rats and the study considered exposure throughout 3 generations including 
critical lifestages (reproducticm), this dose was considered to be a chronic LOAIL. A 
chronic NOAEL was estimated by multiplying the chronic LOAEL by a LOAEL-NOAEL 
uncertainty factor of 0.1. 

F i l  NQAEL 0.02 mg/kg/d 

Compound: Dieldrin 
FORD: not applicable 
Reference: Mendenhall et al. I983 
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Test spies: Barn Owl 
Body weight (BW): 0.466 kg (mean6,*; Johnsgard 1988) 
Food Consumption: wild birds 100-150 gld ; 50-75 gld captive (Johnsgard 
1988). Used median captive food consumption value: 62.5 gld 

Exposure Duration: 2 yrs (> 10 weeks and during a critical lifestage = chronic). 
Endpohk reproduction 
Exposure Roarte: oral in diet 
Dosage: 
CaBmlations: 

Only 1 dose level applied: 0.58 ppm NOAEL 

62*5gfood x 3 1  I 0.466 kg BW = 0.077 mglkgld 0.58mg Dieldrin 
day loO0g ' 

C ~ m e n k  While 0.58 ppm Dieldrin in the diet produced a slight but significant 
reduction in eggshell thickness, no significant effect on no. eggs laidlpair, no. eggs 
hatched/@, 96 eggs broken, embryo or nestling mortality was observed. Therefore this 
dose was considered to be a chronic NOAEL. 

F i  MOAEL: 0.077 mgkgld 

Compund: Diethylphthalate PEP) 
Form: not applicable 
Reference: Lamb et al. 1987 
Test species: Mouse 

Body weight: 0.03 kg (EPA 1988a) 
Food Consumption: 0.0055 kgld 
(calculated using allometric equation from EPA 1988a) 

Exposure 'Waration: 105 d (during a critical lifestage = chronic). 
Endpohk reproduction 
Exposnrre Route: oral in diet 
Dosage: three dose levels: 

0.2596, 1.25% and 2.5% of diet; 
NOAEL = 2.5% = 25000 mglkg 

Comments: No significant reproductive effects were observed among mice in any of the 
treatment groups. Because the study considered exposure during a critical lifestage, the 
maximum dose was considered to be a chronic NOAEL. 

Final NOAEL 4583 mg/kg/d 
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Compound: Di-n-butyl phthalate @BP) 
F0m: not applicable 
MWeQCt2: Lamb et al. 1987 
Test Spies: Mouse 

Body weight: 0.03 kg (EPA 1988a) 
Food Consumption: 0.0055 kg/d 
(calculated using allometric equation from EPA 1988a) 

Exposure Duration: 105 d (during a critical lifestage = chronic). 
hdpoinrt: reproduction 
@xposmre Route: oral in diet 
Dosage: three dose levels: 

0.03%, 0.3% and 1% of diet; 
NOAEL = 0.3% = 3000 mg/kg 

3000mg DBF x 55gf00d x a] / 0.03 kg BW = 550 mglkgld 
day l o w  

Comments: While significant reproductive effects were observed among mice on diet 
containing 1% DBP, no adverse effects were observed among either the 0.03% or 0.3% dose 
groups. Because the study considered exposure during a critical lifestage, the 0.3% dose was 
considered to be a chronic NOAEL. 

Final NO- 550 mg/kg/dl 

C<ampaarnd: Di-n-butyl phthalate (DBP) 
F0m: not applicable 
Reference: Peakall 1974 
Test Species: Ringed Dove 

Body weight: 0.155 kg (Terres 1980) 
Food Consumption: 0.01727 kg/d (calculated using allometric equation from 
Nagy 1987) 

Exposure hmtion: 4 weeks (during a critical lifestage = chronic). 
Endpoint: reproduction 
ExyKlisure Route: oral in diet 
Dosage: one dose level: 

W C U l a t i O p l s :  
10ppm = LOAEL 

lomg DBF x 17*2713f00d x ”) / 0.155 kg BW = 1.11 mgtkgtd 1 kg food day 1 W g  
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Col~pments: Eggshell thickness and water permeability of the shell was reduced 
among doves on diets containing 10 ppm DBP. Because the study considered exposure during 
a critical lifestage the 10 ppm dose was considered to be a chronic LOAEL. A chronic 
NOAEL was estimated by multiplying the chronic LOAEL by a LOAEL-NOAEL uncertainty 
factor of 0.1. 

Fhml NOAEL: 0.11 1 rnglkgld 

Cmporand: Di-n-hexylphthalate (DHP) 
Fol-ISl: not applicable 
Reference: Lamb et al. 1987 
Test species: Mouse 

Body weight 0.03 kg (EPA 1988a) 
Food Consumption: 0.0055 kg/d 
(calculated using allometric equation from EPA 198th) 

Bkposlure Duration: 105 d (during a critical lifestage = chronic).. 
EndpoiW reproduction 
Exposarre Route: oral in diet 
Dosage: three dose levels: 

0.396, 0.696 and 1.2% of diet; 
LQAEL = 0.3% = 3000 mglkg 

3000mg x 5.5gf00d x “1, I 0.03 kg BW = 550 mg/kg/d 
day low? 

Comments: Significant reproductive effects were observed among mice on all diets. 
Because the study considered exposure during a critical lifestage, the 0.3% dose was 
considered to be a chronic LOAEL. A chronic NOAEL was estimated by multiplying the 
chronic LOAEL by a LOAEL-NOAEL uncertainty factor of 0.1. 

FmP NBAEL 55 mg/kg/d 

Compou~d: 1 ,CDioxane 
F0XlUl: not applicable 
Reference: Giavini et al. 1985 
Test spies: rat 

Body weight: 0.35 kg (EPA 1988a) 
Exposplre Duration: days 6-15 of gestation (during a critical llifestage = chronic). 
Endpoint: reproduction 
Exposure Route: oral intubation 
Dosage: three dose levels: 

Calculations: not applicable 
0.25, 0.5, and 1.0 mg/kg/d; NOAEL = 0.5 mg/kg/d 
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Comments Maternal toxicity and reduced fetal weights were observed among rats 
receiving the 1.0 mg/kg/d dose. No adverse effects were observed among the other 
treatments. Because the study considered exposure during a critical lifestage, the 
0.5 mg/kg/d was considered to be a chronic NOAEL. 

FmI NO- 0.5 mg/kg/d 

CUlIUlplOUXld Endosulfan 
F0nXl: not applicable 
Reference: Dikshith et al. 1984 
' k t  Spies: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kg/d (calculated using allometric equation 
from EPA 1988a) 

Exlposarre hration: 30 days 

EXldpoirat: reproduction, blood chemistry 
Exposure Route: oral intubation 
Dosage: 

( c E yr and not during a critical lifestage = subchronic). 

three dose levels per sex: 
male: 0.75, 2.5, and 5.0 mg/kg/d 
female 0.25, 0.75, and 1.5 mg/kg/d 

~ c u h t i o n s :  not applicable 
Comments: Male and female rats were dosed for 30 days at the three respective dose 

levels, then one male and two females from the following groups were paired and allowed to 
mate: 5 mg/kg/d (d) x 0 mg/kg/d (control?) and 0 mg/kg/d (control 8 )  x 1.5 mg/kg/d (9).  
No adverse effects were obsewed for any dose level. Because it was assumed that adverse 
reproductive effects were more likely to be observed in exposed females than males, and 
because the study was C 1 yr in duration and did not include a critical lifestage (exposure 
was discontinued prior to gestation), the 1.5 mg/kg/d dose was considered a subchronic 
NOAEL. A chronic NOAEL was estimated by multiplying the subchronic NOAEL by a 
subchronicchronic uncertainty factor of 0.1. 

Fimal NOAEL: 0.15 mg/kg/d 

Compound Endosulfan 
F0m: not applicable 
Reference: Abiola 1992 
Trn species: Gray Partridge 

Body weight: 0.400 kg (from study) 
Food Consumption: 0.032 kg/d (calculated using allometric equation from 
Nagy 1987) 

Expcpsplre Duration: 4 weeks (during a critical lifestage = chronic). 
Erndpohk reproduction 
Eqosarre Route: oral in diet 



Dosage: three dose levels: 
5, 25, 125 ppm; NOAEL = 125 ppm 

MCUh#.iOIBS: 

Comments: No adverse effects were observed at any dose level. Because exposure 

Fd1NQAEI.z 10 mglkgld 
occurred during reproduction, the maximum dose was considwed a chronic NOAEL. 

Comgapm<B: Endrin 
FQm: not applicable 
Reference= Good and Ware 1969 
Test species: Mouse 

Body weight: 0.03 kg (EPA 1988a) 
Food Consumption: 0.0055 kgld 
(calculated using allometric equation from EPA 1988a) 

Exposlpm Duration: 120 d (during a critical lifestage = chronic).. 
Endpoint: reproduction 
Exposme Route: oral in diet 
Dosage: one dose level: 

ChhhtioHlS: 
5 ppm = LOAEL 

I 0.03 kg BW = 0.92 mglkgld 

Camments: Significant reproductive effects (reduced parental survival, litter size, 
and number of young/d) were observed among mice fed diets containing 5 ppm Endrin. 
Because the study considered exposure during a critical lifestage, this dose was considered to 
be a chranic LOAEL. A chronic NOAEL was estimated by multiplying the chronic LOAEL 
by a LOAEL-NOAEL uncertainty factor of 0.1. 

Fmd NO- 0.092 mg/kg/d 

CQHXlpQUnd Endrin 
Fom: not applicable 
Reference: Spann et al. 1986 
Test specis: Mallard duck 

Body weight: 1-15 kg (from study) 
Food Consumption: Mallard ducks, weighing 1 kg consume 
100 g f d / d  (Heinz et al. 1989). Therefore, it was assumed that a 
1.15 kg Mallard duck would consume 115 g food/d. 



A-35' 

Exposure Duration: > 200 d. (> 10 weeks and during a critical lifestage = chronic). 
EndpoiQt: reproduction 
Exposure Route: oral in diet 
Dosage: two dose levels: 

calcanlations: 
1 and 3 ppm Endrin in diet; NOAEL = 3 ppm 

[ 3mg x 1r5gfood x "1 / 1.15 kg BW = 0.3 mg/kg/d 
ks food day lOOog 1 

Comments While the authors state that birds receiving the 3 ppm dose appeared to 
reproduce m m  poorly than controls, this difference was not significant. Because no 
significant differences were observed at the 3 ppm dose level and the study considered 
exposure throughout a critical lifestage (reproduction), this dose was considered to be a 
chronic NOAEL. 

Final NQAEE: 0.3 mg/kg/d 

C0mp0und: Ethanol 
F0m: not applicable 
Refereme: Mankes et al. 1982 
Test Species: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Expostare firation: through gestation (during a critical lifestage = chronic). 
Endpoint: reproduction 
Expostore Route: oral intubation 
Dosage: 
Calcuhtions: 

two dose levels: 0.4 and 4.0 ml/kg/d; LOAEL=0.4 ml/kg/d 
density of ethanol =0.798 g/mL (Merck 1976) 

0.4mL E t h w l  0.798g Ethanol ' m m g ]  = 319 mg/kg/d 
mL Ethanol 1g 

Comenrts: While 0.4 ml EthanoYkg/d had no effect on most reproductive 
parameters, the incidence of malformed fetuses was significantly increased at this dose level. 
Therefore this dose was considered to be a chronic LOAEL. To estimate the chronic 
NOAEL, the LOAEL was multiplied by a LOAEL-NOAEL uncertainty factor of 0.1. 

Fdl NQAEL: 3 1.9 mg/kg/d 

CQIlllpQUIIId: Ethyl Acetate 
Fom: not applicable 
Reference: EPA 19864 
Test Species: Rat 

Body weight: 0.35 kg @PA 1988a) 
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Exposure Duration: 90 days (C 1 yr and not during a critical lifestage=subchronic). 
Endpoint: mortality and weight loss 
Exposure Route: oral intubation 
Dosage: three dose levels: 

ChlCUIhti0nS: not applicable 
C 0 m &  While Ethyl Acetate at 3600 mg/kg/d reduced body and organ weights 

300, 900, and 3600 mg/kg/d; NOAEL = 900 mg/kg/d 

and food consumption by male rats, no effects were observed at the 900 mg/kg/d dose level. 
&cause the study was 90 days in duration and did not consider exposure during critical 
Mestages, the 900 mg/kg/d dose was considered to be a chronic LOAEL. A chronic NOAEL 
was estimated by multiplying the chronic LOAEL by a LOAEL-NOAEL uncertainty factor of 
0.1. 

F d  NO& 90 mg/kg/d 

COIIlipQU!Jld: Fluoride 
Form: NaF 
Reference: Aulerich et al. 1987 
Test s*: Mink 

Body weight: 1.0 kg (EPA 1993e) 
food consumption: 0.137 kg/d (Bleavins and Aulerich 1981) 

Exposure Duration: 382 d (during a critical lifestage = chronic). 

Exposure Rouk oral in diet 
Dosage: five dose levels: 

Endpoint: repduction 

33, 60, 108, 194, and 350 ppm supplemental F + 35 ppm F in 
base diet; NOAEL = 194 ppm + 35 ppm = 229 ppm F 

229mg x 137gf00d x -!.%-I / 1 kg BW = 31.37 mglkgld 
day 1Ws 

Comments: Fluoride up to 229 ppm in mink diets had no adverse effects on 
reproduction; Survivorship of kits in the 385 ppm (350+35 ppm) group was significantly 
reduced. Because 229 ppm F in the diet had no adverse effect and the study considered 
exposure over 382 days including criticaI lifestages (reproduction), this dose was considered 
to be a chronic NOAEL. 

Fmal NO- 3 1.37 mg/kg/d 

Compound: 
F0Pm: 
Reference: 

Fluoride 
NaF 

Pattee et al. 1988 
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T& spies: Screech Owl 
Body weight: 0.181 kg (Dunning 1984) 
food consumption: 1300-1700 g/month/pair (from study) 

Daily food consumption was estimated as follows: 
median food consumption/month/pak = 1500 g; 
1 month = 30d; 
Males and females consume equal amounts of food = 750 g/month 
750 glrnonth + 30 d = 25 g/ d 

IZ,xposprre phmmtionn: 5-6 months (during a critical lifestage = chronic). 
Endpoink reproduction 
Exposure Route: oral in diet 
Dcsage: two dose levels: 

Calculations: 
56.5 and 232 ppm F; NOAEL = 56.5 ppm F 

Comments: Fertility and hatching success was significantly reduced by 232 ppm F in 
the diet. Because 56.5 ppm F in the diet had no adverse effect and the study considered 
exposure during reproduction, this dose was considered to be a chronic NOAEL. 

Fanal NO- 7.8 mg/kg/d 

Compound: Formaldehyde 
Form: not applicable 
Reference: 
Test species: 

Body weight: 
Exposure Duration: 

Enadlpoht : 
Exposatw Route: 
Dosage: 

Hurni and Ohder 1973 

12 kg (from study) 
through gestation and lactation 
(during a critical lifestage = chronic). 
reproduction 
oral in diet 
two dose levels: 
3.1 and 9.4 mg/kg/d; NOAEL = 9.4 mg/kg/d 
not applicable 

dog (beagle) 

Comments 

F i l  NQA@L: 9.4 mg/kg/d 

Because significant effects were not observed at any dose level, the 9.4 
mg/kg/d was considered to be a chronic NOAEL. 

COKIlpQuIld: Heptachlor 
Form: not applicable 
Reference: Eisler 1968 
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Test spe!cies: Rat 
Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kgld (calculated using allometric equation from 
€PA 1988a) 

Expostsre Duration: 3 generations (> 1 yr and during a critical lifestage = chronic). 
EQdpoirnat: reproduction 
Exposure Itorate= oral in diet 
Dosage: four dose levels: 

CdClUhtioWS: 
0.3, 3, 6, and 10 ppm; NOAEL = 10 ppm 

I 0.35 kg BW = 0.8 mglkgld 
day 

Commemts Because significant effects were not observed at any dose level, the 10 

Fml NOAIEL: 0.8 mg/kg/d 
ppm was considered to be a chronic NOAEL. 

Compound: 1,2,3,6,7,8 - Hexachloro Dibenzofuran (HxDBF) 
Form: not applicable 
Reference: Poiger et al. 1989 
Test species: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kgld (calculated using allometric equation from 
EPA 1988a) 

Exposlure Duration: 13 weeks 

Endpoint: 
Exposure Route: oral in diet 
Dosage: three dose levels: 

canculatioI8s: 

(< I yr and not during a critical lifestage = subchronic). 
Body weight, organ weight, blood chemistry 

2, 20, and 200 ppb; NOAEL = 20 ppb 

J 0.35 kg BW = 0.0016 mglkgld 
day looog 

28gfood "I 0.02mg h W B F  

Cornunenrts: Because rats exposed to 200 ppb HxDBF in the diet displayed reduced 
body, thymus and liver weights, while those in the 20 ppb group did not, the 20 ppb dose 
was considered to be a subchronic NOAEL. A chronic NOAEL was estimated by multiplying 
the subchronic NOAEL by a subchronic-chronic uncertainty factor of 0.1. 

Final NQAEL: O.OOOl6 mg/kg/d 
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Compound: Lead 
F0m: Lead Acetate 
Reference: Azar et al. 1973 
Test Species: Rat 

Body weight: 0.35 kg P A  1988a) 
Food Consumption: 0.028 kgld (calculated using allometric equation from 
EPA 1988a) 

Expmre Duration: 3 generations (> 1 yr and during a critical lifestage = chronic). 
Endpoink reproduction 
Expasure Route: oral in diet 
Dosage: five dose levels: 

~lcuprp~ons: 
10, 50, 100, 1O00, and 2000 ppm Pb; NOAEL = 100 ppm Pb 

I O o m g  pb x 2ggfood x "1 I 0.35 kg BW = 8 mglkgld ~[ kg food day 1000g ~ 

Comments While none of the Pb exposure levels studied affected the number of 
pregnancies, the number of live births, or other reproductive indices, Pb exposure of 1O00 
and 2000 ppm resulted in reduced offspring weights and produced kidney damage in the 
young. Therefore the 100 ppm Pb dose was considered to be a chronic NOAEL. 

F-1 NOAEL: 8 mglkgld 

compournd: Lead 
F0Ppn: Metallic 
Reference: Pattee 1984 
Test species: American Kestrels 

Body weight: 0.130 kg (mean6+o; from study) 
Food Consumption: Kenaga (1973) states that the congeneric European kestrel 
consumes 7.7% of body weightld. Therefore, food consumption was assumed 
to be 0.077 x 0.130 kg or 0.01 kgldl. 

Exposure Duration: 7 months (> 10 weeks and during a critical lifestage = chronic). 
Endpoint: reproduction 
Exposure Route: oral in diet 
Dosage: two dose levels: 

CalCmlrP&i0US: 
10 and 50 ppm Pb; NOAEL = 50 pprn Pb 

50mg pb x log x a] I 0.13 kg BW = 3.85 mglkgld 
day l o w  

Comments: Because significant effects were not observed at either dose levels and 
the study considered exposure over 7 months and throughout a critical lifestage 
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(reproduction), the maximum dose was considered to be a chronic NOAEL. 
Find N 0 A n  3.85 mg/kg/d 

CORIUpoPand Lindane (T-BHC) 
JF0IXXl: not applicable 
Reference: Palmer et al. 1978 
Test Species: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kgld (calculated using allometric equation from 
EPA 1988a) 

Expostnre Duration: 3 generations (> 1 yr and during a critical lifestage = chronic). 
Endpoint: reproduction 
Expcpislpre Route: oral in diet 
Dosage: three dose levels: 

Calculations: 
25,50, and 100 ppx; NOAEL = 100 ppm 

1 10.35 kg BW = 8 rnglkgld lWmg Lindane 28g food 
day 

Comments: 

Fhnl NQAEL 8 mg/kg/d 

Because significant effects were not observed at any dose level, the 100 
ppm was considered to be a chronic NOAEL. 

Compound: Lindane (7-BHC) 
Form: not applicable 
Reference: 
Test species: Mallard Duck 

Expmre Duration: 8 weeks (during a critical lifestage = chronic). 
Endpoint: reproduction 
Expasure Route: oral intubation 
Dosage: one dose level: 

Calculations: not applicable 
Comments: Mallards exposed to 20 mg/kg/d displayed reduced eggshell thickness, 

laid fewer eggs and had longer time intervals between eggs. Because the study considered 
exposure during a critical lifestage, the 20 mg/kgld was considered to be a chronic LOAEL. 
A chronic NOAEL was estimated by multiplying the chronic LOAEL by a LOAEL-NOAEL 
u n d n t y  factor of 0.1. 

Chakravarty and Lahin 1986; Chakravarty et al. 1986 

Body weight: 1.0 kg (Heinz et al. 1989) 

20 mg/lkg/d = LOAEL 

F i l  NOAEL. 2 mg/kgld 



A41 

CQmpound: Lithium 
Fom: 
Reference: Marathe and Thomas 1986 
Test swes: Rat 

Body weight: 0.35 kg @PA 198%) 
Food Consumption: 0.028 kg/d (calculated using allometric equation from 
EPA 1988a) 

Lithium Carbonate (1 8.78 % Li) 

Exposunre Duration: days 6-15 of gestation (during a critical lifestage = chronic). 
Endpoht: reproduction 
Exposmre Route: oral in diet 
Dosage: two dose levels: 

Cal~BatiOns: 
Conmen& Lithium carbonate exposure of 100 mg/kg/d reduced the number of 

50 and 100 mg/kg/d Lithium Carbonate: NOAEL = 50 mg/kg/d 
mg Li /kg/d = 0.1878 x 50 mg/kg/d = 9.39 

offspring and offspring weights. No adverse effects were observed at the 50 mg/kg level. 
While the Lithium exposures evaluated in this study were of a short duration, they O C C U K ~  
during a critical lifestage. Therefore, the 50 mg/kg/d dose was considered to be a chronic 
NOAEL. 

Fml NQAEL 9.39 mg/kg/d 

C0mp0md: Manganese 
Fowr: Manganese Oxide (Mn,O,) 
Reference: h k e y  et al. 1982 
Test Species: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kg/d (calculated using allometric equation from 
EPA 1988a) 

Exposopre Duration: through gestation for 224 d 

EndPoink reproduction 
IEXpmre Route: oral in diet 
Dosage: three dose levels: 

(during a critical lifestage = chronic). 

350, 1050, and 3500 ppm supplemented Mn + 50 ppm Mn in 
base diet; NOAEL = 1100 pprn 

Calcpplations: 

Comments: While the pregnancy percentage and fertility among rats consuming 
3550 ppm Mn in their diet was significantly reduced, all other reproductive parameters (e.g., 
litter size, ovulations, resorptions, preimplantation death, fetal weights) were not affected. 
No effects were observed at lower Mn exposure levels. Therefore the 1100 ppm Mn dose 
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was considered to be a chronic NOAEL. 
Fml NO=: 88 mg/kg/d 

Compound: Mercury 
FQm: Mercuric chloride 
Reference: Knoflach et al. 1986 
Te!st spfxies: Rat 

Body weight 0.03 kg (EPA 1988a) 
ExpcPlsPlre Hhpratiom: 39 week 

ERldpoint: 
Exp0sllx-e Route: oral intubation 
Dosage: one dose level: 

CapCulati0nS: not applicable 
@ommen& &cause immune system and kidney function were impaired by the 0.64 

mg/kg/d dose level and the study was less than one year in duration and did not consider 
exposure during critical lifestages, this dose was considered to be a subchronic LOAEL. A 
chronic NOAEL was estimated by multiplying the subchronic LOAEL by a LOAEL-NOAEL 
uncertainty factor of 0.1 and a subchronic-chronic uncertainty factor of 0.1. 

(< 1 yr and not during a critical lifestage = subchronic). 
Immune system and kidney impairment 

0.64 mg/kg/d = LOAEL 

FmD N O A m  0.0064 mg/kg/d 

CoRnpOuaad: Mercury 
Fom: Mercmic sulfide 
Reference: Revis et al. 1989 
Test species: Mouse 

Expmre Duration: 20 month (> 1 yr = chronic). 
Endpoint: 

Exposure Route: oral in diet 
Dosage: 
Calcuhtions: not applicable 
Comentsx No adverse effects were observed at any dose level. Because the study 

Body weight: 0.03 kg (EPA 1988a) 

mortality, liver and kidney histology, 
reproduction (6 month only) 

30 dose levels ranging up to 13.2 mg/kg/d 

was over one year in duration, the maximum dose 13.2 mg/kg/d was considered to be a 
chronic NOAEL. 

F i  NOAEL 13.2 mg/kg/d 

Compound: 
Fom: 
Reference: 

Mercury 
Methyl Mercury Chloride 

Wobeser et al. 1976 



Test Species: Mink 
M y  weight: 1 kg (EPA 1993e) 
Food Consumption: 0.137 kgld (Bleavhs and Aulerich 1981) 

Exposure Duration: 93 days 

Emdpoink mortality, weight loss, ataxia 
Exposure Route: oral in diet 
Dosage: five dose levels: 

(< 1 yr and not during a critical lifestage = subchronic). 

1.1, 1.8, 4.8, 8.3, and1 15 ppm Hg as methyl mercury; 
NOAEL = 1.1 ppm Hg 

ezaIcu~tious: 

Hg x 137gf00d x "1 I 3 kg BW = 0.15 mglkgld 
day low 

Comments Mercury doses of 1.8 ppm or greater produced significant adverse 
effects (mortality, weight loss, behavioral abnormalities). Because significant effects were 
not observed at the 1.1 ppm Hg dose level, this dose was considered to be a subchronic 
NOAEL. A chronic NOAEL was estimated by multiplying the subchronic N O A U  by a 
subchronicchronic uncertainty factor of 0.1 

Final NOAEL: 0.015 mglkgld 

CQIllpOrPnd: Mercury 
FQIYML: 
R&?reInce: Verschuuren et al. 1976 

Methyl Mercury Chloride (CH,HgCI; 79.89% Hg) 

Test Spies :  Rat 
Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kg/dl (calculated using allometric equation from 
EPA 1988a) 

Exposure Duration: 3 generations (> 1 yr and during a critical lifestage = chronic). 
Endpoint: reproduction 
lhposure Route: oral in diet 
Dosage: three dose levels: 

0.1, 0.5, and 2.5 ppm Methyl Mercury Chloride; 
NOAEL = 0.5 ppm Methyl Mercury Chloride 
0.7989 x 0.5 mg/kg = 0.399 mg Hg lkg 

Calculations: 

0.399mg Hg x 28gfood x "1 I 0.35 kg BW = 0.032 mglkgld 
day l o o o x  I 

Comments: While exposure to 2.5 ppm methyl mercury chloride reduced pup 
viability, adverse effects were not observed at lower doses. Because significant effects were 



not observed at the 0.5 ppm Methyl Mercury Chloride dose level, this dose was considered 
to be a chronic NOAEL. 

F i i  NOA@L: 0.032 mg/kg/d 

CcPlmpQUnd MCXCUry 
Fom: Methyl Mercury Dicyandiamide 
Reference: Heinz 1979 
Test Species: Mallard Duck 

M y  weight: 1 kg (Heinz et al. 1989) 
Food Consumption: 0.128 kgld (from study) 

Exposlpre Duration: 3 generations (> 1 yr and during a critical lifestage = chronic). 
EIUdpoW reproduction 
Exposure Route: oral in diet 
Dosage: one dose level: 

0.5 ppm Hg as Methyl Mercury Dicyvrdiamide 
LOAEL = 0.5 ppm 

Comments: Because significant effects (fewer eggs and ducklings were procdcec 
were observed at the 0.5 ppm Hg dose level and the study consider exposure over three 
generations, this dose was considered to be a chronic LOAEL. A chronic NOAEL was 
estimated by multiplying the chronic LOAEL by a LOAEL-NOAEL uncertainty factor of 
0.1. 

Fml NOAEL: 0.0064 mg/kg/dl 

CQIDpOUnd: Methanol 
FOW: not applicable 
Reference: €PA 1986e 
Test Species: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Exposure Duration: 90 days (< 1 yr and not during a critical lifestage=subchronic). 
Endpoint: mortality, blood chemistry 
Expawre Route: oral intubation 
Dosage: three dose levels: 

ealcnllations: not applicable 
Comments: While Methanol at 2500 mg/kg/d reduced brain and liver weights and 

altered blood chemistry, no effects were observed at the 500 mg/kg/d dose level. Because 
the study was 90 days in duration and did not consider exposure during critical lifestages, the 

100, 500, and 2500 mg/kg/d; NOAEL = 500 mg/kg/d 



500 mg/kg/d dose was considered to be a chronic LOAEL. A chronic NOAEL was estimated 
by multiplying the chronic LOAEL by a LOAEL-NOAEL uncertainty factor of 0.1. 

F'i i l  NO- 50 mg/kg/d 

Compoar nd: Methoxychlor 
FORK not applicable 
Reference: Gray et al. 1988 
Test Species: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kg/d (calculated using allometric equation from 
EPA 1988a) 

Exposure Hhrpabioar: 11 month (during a critical lifestage = chronic). 
H3ndpoiR-k reproduction 
Exposure Route: oral ir. diet 
Dosage: four dose levels: 

Calculations: 
25,50, 100 and 200 ppm; NOAEL = 50 ppm 

Cormmernts. Fertility and litter size was significantly reduced among rats fed diets 
containing 100 or 200 ppm methoxychlor. Because significant effects were not observed at 
the 50 ppm dose level and the study considered exposure during reproduction, the 50 ppm 
was considered to be a chronic NOAEL. 

Fml NOAEL 4 mg/kg/d 

Compound: Methylene Chloride 
Fom: not applicable 
Refererace: NCA 1982 
Test Spies: Rat 

Body weight: 0.35 kg (EPA I988a) 
Exposunre Duration: 2 yrs ( > 1 yr=chronic). 
Endpoint: liver histology 
]Exposure Route: oral in water 
Dosage: four dose levels: 

anculatiom: not applicable 
Comments: While Methylene Chloride at 50 mg/kg/d or greater produced 

5.85, 50, 125, and1 250 mg/kg/d; NOAEL = 5 mg/kg/d 

histological changes in the liver, no effects were observed at the 5.85 mg/kg/d dose level. 
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Because the study was 2 yrs  in duration, the 5.85 mg/kg/d dose was considered to be a 
chronic NOAEL. 

]Final NOAEk: 5.85 mg/kg/d 

Compound: Methyl Ethyl Ketone 
FQm: not applicable 
Refemme: Cox et al. 1975 
T& spies: Rat 

Exposure Duration: 2 generations (> 1 yr and during a critical lifestage=chronic). 
EXUdpQht: reproduction 
Exposure Route: oral in water 
DQsagtz three dose levels: 

Body weight: 0.35 kg (EPA 1988a) 

538, 1644, and 5089 mg/kg/d (males), 
594, 1771, and 4571 mg/kg/d (females); 
NOAEL = 1771 mg/kg/d 

Calculations: not applicable 
Comments: While Methyl Ethyl Ketone at the highest dose levels reduced the 

n u m k  of pupsllitter, pup survivorship, and pup body weight, no adverse effects were 
observed at the next lhigher levels (1644 mg/kg/d and 1771 mg/kg/d for males and females 
respectively). Because the study was 2 generations in duration, the 1771 mg/kg/d dose was 
considered to be a chronic NOAEL. 

I;"""""""""""""""n NOAEL 1771 mg/kg/d 

CQIIlpUIld: +Methyl 2-Pentanone (Methyl Isobutyl Ketone) 
Form: not applicable 
Reference: Microbiological Associates 1986 (obtained from Health Effects 

Assessment Summary Tables (HEAST; EPA 19930 
Test Species: Rat 

IlZxpwre ]Duration: 13 weeks 

hdpoht: Liver and lkidney function 
Expure Route: oral gavage 
Dosage: 

Cakdations: not applicable 
COXIMXI~~~S  Because the study was less than 1 year in duration and not considered 

Body weight: 0.35 kg (€PA 1988a) 

(< 1 yr and not during a critical lifestage=subchronic). 

one dose level stated in HEAST summary: 
250 mg/kg/d = NOAEL 

exposure during a critical life stage, the 250 mg/kg/d dose was considered to be a subchronic 
NOAEL. A chronic NOAEL was estimated by multiplying the subchronic NOAEL by a 
subchronic-chronic uncertainty factor of 0.1 

Fml NOAEL: 25 mg/kg/d 
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Compoumd: Nickel 
FORE Nickel Sulfate Hexahydrate 
Reference: Ambrose et al. 1976 
Test Species: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kg/d (calculated using allometric equation from 
EPA 1988a) 

Expasuse Duration: 3 generations (> 1 yr and1 during a critical lifestage = chronic). 
Enmdpohk reproduction 
B k p < p l s m r e  Route: oral in diet 
Dosage: three dose levels: 

250, 500, and 10oO pprn Ni 
NOAEL = 500 ppm 

CalcuQtions: 

500mg Ni x 28gfo0d x ”) I 0.35 kg BW = 40 mglkgld 
&Y low 

Conmen& While lo00 ppm Ni in the diet reduced offspring body weights, no 
adverse effects were observed in the other dose levels. Because this study considers 
exposures over multiple generations, the 500 ppm dose was considered to be a chronic 
NOAEL. 

Final NOAEL 40 mg/kg/d 

Compound: Nickel 
F0San: Nickel Sulfate 
Reference: Cain and Pafford 1981 
Test Species: Mallard Duckling 

M y  weight: 0.782 kg (mean,,, d + Q  at 45 days; from study ) 
Food Consumption: Adult MaIlard ducks, weighing 1 kg consume 

100 g food/d (Heinz et al.1989). Therefore, it was assumed that a 
0.782 kg mallard duckling would consume 78.2 g food/d. 

Exposlare Duration: 90 d (> 10 week = chronic). 
bdpoint : mortality, growth, behavior 
Exposure Route: oral in diet 
Dosage: three dose levels: 

176, 774, and 1069 ppm Ni; 
NOAEL = 774 ppm 
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C o m e n k  Consumption of up to 774 ppm Ni in diet did not increase mortality or 
reduce growth. Because the study considered exposure over 90 days, the 774 ppm dose was 
considered to be a chronic NOAEL To estimate daily Ni intake throughout the 90 day study 
period, food consumption of 45day-old ducklings was calculated. While this value will 
over- and underestimate food consumption by younger and older ducklings, it was assumed 
to approximate food consumption throughout the entire 90 day study. 

F d  NOAEE: 77.4 mg/kg/d 

CQlIlpOund: Niobium 
Form: Sodium niobate 
Reference: Schroeder et al. 1968 
Test species: Mouse 

Body weight: 0.03 kg (EPA 1988a) 
Water Consumption: 0.0075 U d  
Food Consumption: 0.0055 kgld 
(calculated using allometric equation from EPA 1988a) 

Exposure Duration: lifetime (> 1 yr = chronic). 
Endpoint: lifespan, longevity 
Exposure Route: 
Dosage: one dose level: 

oral in water (+incidental in food) 

5 ppm Nb (in water) + 1.62 ppm Nb (in food) = LOAEL 
WCrPhtiQIEX 

l L  ] I 0.03 kg BW = 1.25 mglkgld 5mg Nb 7.5mL water 
day lOoOmL, 

1-62mg Nb x 5-5gf00d x "1 I 0.03 kg BW = 0.297 mglkgld [ kg food day lOOOg 

Total Exposure = 1.25 mglkgld + 0.297 mglkgld = 1.547 mglkgld 

Comments: Because median lifespan was reduced among female mice exposed to 
the 5 pprn dose level and the study considered exposure throughout the entire lifespan, this 
dose was considered to lbe a chronic LOAEL. A chronic NOAEL was estimated by 
multiplying the chronic LOAEL by a LOAEL-NOAEL uncertainty factor of 0.1. 

F i l  NQAEL 0.1 166 mglkgld 
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Compound: Nitrate 
Form: Potassium Nitrate 
Reference: Sleight and Atallah 1968 
Test Species: Guinea pig 

Exposure Duration: 143-204 days (during a critical lifestage=chronic). 
Endpoint: reproduction 
Exposure Route: oral in water 
Dosage: four dose levels: 

Body weight: 0.86 kg (EPA 1988a) 

12, 102, 507, and 1130 mg nitrate-Nitrogen kg/d; 
NOAEL, = 507 mg/kg/d 

Cdcuhtions: not applicable 
Comments: While Nitrate at the highest dose level reduced the number of live 

births, no adverse effects were observed at the other dose levels. Because the study 
considered exposure during reproduction, the 507 mg/kg/d dose was considered to be a 
chronic NOAEL. 

E"nraal NOAEk 507 mg/kg/d 

ColXlpOUHMk 1,2,3,4,8 - Pentachloro Dibenzofuran (PeDBF) 
F Q ~ :  not applicable 
Reference: Poiger et al. 1989 
Test species: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 lkg/d (calculated using allometric equation from 
EPA 1988a) 

Exposure Duration: 13 weeks 

Endpoint: 
Exposure Route: oral in diet 
Dosage: two dose levels: 

calcprpatiom: 

(< 1 yr and1 not during a critical lifestage = subchronic). 
Body weight, organ weight, blood chemistry 

600 and 6OOO ppb; lNOAEL = 6OOO ppb 

6mg x 28gfood x / 0.35 kg BW = 0.48 mg/kg/d 
daY 

Comments: Because no significant effects were observed at either dose level, the 
6OOO ppb dose was considered to be a subchronic NOAFL. A chronic NOAEL was estimated 
by multiplying the subchronic NOAEL by a subchronic-chronic uncertainty factor of 0.1. 

Eltnal NOAEL 0.048 mg/kg/d 
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Compound 1,2,3,7,8 - Pentachloro Dibenzofuran (PeDBF) 
F0m: not applicable 
Reference: Poiger et al. 1989 
Test Species: Rat 

Body weight: 0.35 kg @PA 1988a) 
Food Consumption: 0.028 kg/d (calculated using allometric equation from 
EPA 1988a) 

Exposure Duration: 13 weeks 

Endpoink 
Exposure Route: oral in diet 
Dosage!: three dose levels: 

CdCUlatioraS: 

(< 1 yr and not during a critical lifestage = subchronic). 
Body weight, organ weight, blood chemistry 

2, 20, and 200 ppb; NOAEL = 20 ppb 

/ 0.35 kg BW = 0.0016 mglkgld 
day looog 

28gfood "1 0.02mg W B F  

Comments: Because rats exposed to 200 ppb PeDBF in the diet displayed reduced 
body, thymus weights, while those in the 20 ppb group did not, the 20 ppb dose was 
amsidered to be a subchronic NOAEL. A chronic NOAEL was estimated by multiplying the 
subchronic NOAEL by a subchronic-chronic uncertainty factor of 0.1. 

Final NQAEL: 0.00016 mg/kg/d 

C O r n ~ D c B =  2,3,4,7,8 - Pentachloro Dibenzofuran (PeDBF) 
F0m: not applicable 
Reference: Poiger et al. 1989 
Test sjx%ies: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kg/d (calculated using allometric equation from 
EPA 1988a) 

Exposolre Duration: 13 weeks 

Endpoint: 
Exposure Route: oral in diet 
Dosage: three dose levels: 

CalCplhti0nS: 

(< 1 yr and not during a critical lifestage = subchronic). 
Body weight, organ weight, blood chemistry 

2, 20, and 200 ppb; NOAEL = 2 ppb 
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Comments Because rats exposed to 20 and 200 ppb PeDBF in the diet displayed 
reduced body, thymus and liver weights, while those in the 2 ppb group did not, the 2 ppb 
dose was considered to be a subchronic NOAEL. A chronic NOAEL was estimated by 
multiplying the subchronic NOAEL by a subchronic-chronic uncertainty factor of 0.1. 

Fmd N Q A m  O.ooOo16 mg/kg/d 

Compound Pentachloronitrobenzne (PCNB) 
F0m: not applicable 
Reference: Dunnetal. 1979 
Test Species: Chicken 

Body weight: 1.5 kg (EPA l988a) 
Food Consumption: 0.106 kg/d (calculated using allometric equation from 
EPA 1988a) 

-0SnrBe DuraQiQIl: 35 W e k S  
(> 10 weeks and during a critical lifestage = chronic). 

Endpoint: reproduction 
Exposure RoPrte: oral in diet 
Dosage: four dose levels: 

Calculations: 
10,50, 100, andl lo00 ppm; NOAEL = 100 ppm 

/ 1.5 kg BW = 7.07 mg/kg/d 
day IOOog I 

106gfood “1 lOOmg PCNB 

Comments Onset on egg production and egg hatchability was reduced among birds 
receiving lo00 ppm PCNB. No adverse effects were observed among the other dose levels. 
Because the study considered exposure through reproduction, the 100 ppm dose was 
considered to lbe a chronic NOAEL. 

Fml NOBEE: 7.07 mg/kg/d 

C C D ~ ~ C D U I ~ ~ ~ :  Selenium 
Fom: Selanate (SeO,,) 
Refemme: 
Test Species: IMouse 

Schroeder and Mi tchner 197 1 

Body weight: 0.03 kg (EPA 1988a) 
Water Consumption: 0.0075 L/d 
(calculated using allometric equation from EPA 1988a) 

Exposure I h r a t i ~ ~ ~ :  3 generations (> 1 yr and during critical lifestage=chronic) 
&lC%pQht: reproduction 
E x p ~ ~ ~ r e  Route: oral in water 
Dosage: one dose level: 

3 mg Se/L = LOAEL 
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lL ] / 0.03 kg BW = 0.75mgIkgld 3mg Se 7.5L waser 
L water day lo0omL 1 

Comments Because mice exposed to Se displayed reduced reproductive success with 
a high incidence of runts and failure to breed, this dose was considered to be a chronic 
LOAEL. A chronic NOAEL was estimated by multiplying the chronic LOAEL by a 
LOAEL-NOAEL uncertainty factor of 0.1. 

F i  NOAEL: 0.075 mg/kg/dl 

cOIZlpQUlRI& Selenium 
IFOrm: Sodium Selanite 
Reference: Heinzetal. 1987 
Test Species: Mallard Duck 

Body Weight: 1 kg (from study) 
Food Consumption: 100 g/d (from study) 

Exposure Duration: 78 days (> 10 wks and during critical lifestage=chronic) 
Endpoint reproduction 
Exlposarre Route: oral in diet 
Dmge: five dose levels: 

Callculations: 
1, 5 ,  10, 25, and 100 ppm Se; 5 ppm = NOAEL 

5mg Se lOOg food l k g  ] / 1 kg BW = 0.5 mg/kg/d 
day 10o0mg 

Comments: While consumption of 1, 5, or 10 ppm Se on the diet as Sodium Selanite 
had no effect on weight or survival of adults, 100 ppm Se reduced adult survival and 25 ppm 
Se reduced duckling survival. Consumption of I O  or 25 ppm Se in the diet resulted in a 
significantly larger frequency of lethally deformed embryos as compared to the 1 or 5 ppm 
Se exposures. Because 5 ppm Se in the diet was the highest dose level that produced no 
adverse effects and1 the study considered exposure through reproduction, this dose was 
considered to be a chronic NOAEL. 

Final NQAEL 0.5 mg/kg/d 

Compound: Selenium 
FCbHll: Selanomethionine 
Reference: Heinz et al. 1989 
Test species: Mallard Duck 

Body Weight: 1 kg (from study) 
Food Consumption: 100 g/d (from study) 
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Exposure Duration: 100 days (> 10 wks and during critical lifestage=chronic) 
Endpoiat: reproduction 
Exgclsplre Route: oral in diet 
Dosage: five dose levels: 

caBCUhPi0HS: 
1,  2, 4, 8, and 16 ppm Se; 5 ppm = NOAEL 

lkg  ] / 1 kg BW = 0.4 mg/kg/d 4mg se loog food [ kg food doy lOOOmg I 

Comments Consumption of 8 or 16 ppm Se in the diet as Selanomethionine 
resulted in a reduced duckling survival as compared to the 1, 2, or 4 ppm Se exposures. 
Because 4 ppm Se in the diet was the highest dose level that produced no adverse effects and 
the study considered exposure through reproduction, this dose was considered to be a 
chronic NOAEL. 

Final NOAEL 0.4 mg/kg/d 

COIKUpOElRUCk Strontium (stable) 
Form: Strontium Chloride (55% Sr) 
Reference: Skoryna 1981 
Test Species: Rat 

Bqpomre Duration: 3 yrs ( > 1 yr = chronic). 
Endpoink 
Exposlsre Route: oral in water 
1DcPsage: three dose levels: 

Body weight: 0.35 kg (EPA 1988a) 

Body weight and1 bone changes 

70, 147, and 263 mg Sr kg/d; 
NOAEL = 263 mg/kg/d 

Calculations: not applicable 
Comments: No adverse effects were observed for any Sr dosage level. Therefore, 

because the study considered exposure over three years, the maximum dose was considered 
to be a chronic NOAEL. 

EmaP NOAEL: 263 mg/kg/d 

Compound: 2,3,7,8 - Tetrachloro Dibenzodioxin (TCDD) 
Fom: not applicable 
Referenace: Murray et al. 1979 
Te!a species: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kg/d (calculated using allometric equation from 
EPA 1988a) 

Exposlare K ~ D I X ~ ~ O Q :  3 generations (> 1 yr and during a critical lifestage = chronic). 
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Eppdpohk reproduction 
Exposure Route: oral in diet 
Dosage: three dose levels: 

0.001, 0.01, and 0.01 ug/kg BW/d; NOAEL = 0.001 ug/kg/d 
~ 1 C O n h t . i O W :  0.001 ug/kg/d = 0.000001 mg/kg/d 
Cormne~ts: Fertility and neonatal survival was significantly reduced among rats 

receiving 0.1 and 0.01 ug/kg/d. Because no significant differences were observed at the 
0.01 ug/kg/d dose level and the study considered exposure throughout 3 generations 
including critical lifestages (reproduction), this dose was considered to be a chronic NOAEL. 

F a  N O A a  0.000001 mg/kg/d 

Compound: 2,3,7,8 - Tetrachloro Dibenzodioxin (TCDD) 
F0RU: not applicable 
Reference: Nosek et al. 1992 
Test Species: Ring-necked Pheasant 

Body weight: 1 kg (EPA 1993e) 
Exposure Duration: 10 weeks (10 week and during a critical lifestage = chronic). 
Endpohk reproduction 
ExpcPlsure Route: weekly intraperitoneal injection 
Dosage: three dose levels: 

0.01, 0.1, and 1 ug/kg BW/week; NOAEL = 0.1 ug/kg/week 
Calculations: 0.1 ug/kg/week = O.OOO1 mg/kg/week = O.ooOo14 mg/kg/d 
Comments: Egg production and hatchability was significantly reduced among birds 

receiving 1 ug/kg/week dose. No significant effects were observed among the other two dose 
levels. The weekly intraperitoneal injection exposure route used in this study is believed to 
be comparable to oral routes of exposure (EPA 1993e). Because no significant differences 
were observed at the two lower dose levels and the study considered exposure throughout a 
critical lifestage (reproduction), the 0.1 ug/kg/week dose was considered to be a chronic 
NOAEL. 

FmP NOAEL: O.ooOo14 mg/kg/d 

Compound: 2,3,7,8 - Tetrachloro Dibenzofuran (TDBF) 
Foran: not applicable 
Reference: McKinney et al. 1976 
Test species: M a y  old chicks 

Body weight: 0.121 kg (meand+* at 14 d; EPA 1988a) 
Food Consumption: 0.0126 kg/d (calculated using allometric equation from 
EPA 198th) 

Exposmre Duration: 21 d 

Endgoink mortality, weight gain 
(< 10 weeks and not during a critical lifestage = subchronic) 
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E~posprre Route: oral in diet 
Dosage: two dose levels: 

1 and 5 ppb; LOAEL = 1 ppb 

Ccornnnentsx Because chicks exposed to 1 and 5 ppb TDBF experienced 16% and 
100% mortality, respectively, the 1 ppb dose was considered to be a subchronic LQAEL. A 
chronic NOAEL was estimated by multiplying the subchronic LOAEL by a subchronic- 
chronic uncertainty factor of 0.1 and a LOAEL-NOAEL uncertainty factor of 0.1. To 
estimate daily TDBF intake throughout the 21d study period, food consumption of 2-week- 
old chicks was calculated. While this value will over- and underestimate food consumption 
by younger and older chicks, it was assumed to approximate food consumption throughout 
the eatire 21 day study. 

FirnaP N O A m  0.000001 mg/kg/d 

CORElpQUIIld: 1, P ,2,2-Tetrachloroethylene 
Form: not applicabIe 
Reference: Buben and O'Flaherty 1985 
Test spies: Mouse 

Body weight: 0.03 kg (€PA 1988a) 
Expsure Duration: 6 weeks 

Endpoint: Hepatotoxicity 
Exlpcmre Route: oral gavage 
Dosage: 

(< 1 yr and not during a critical lifestage = subchronic). 

seven dose levels (administered daily 5 dayslweek for 6 weeks): 
20, 100, 200, 500, IOOO, 1500, and 2000 mg/kg/d; 
NOAEL = 20 mg/kg/d 

calcanlations: not applicable 
Comments: Because mice were exposed for 5 daydweek, 7 day/week exposure were 

estimated by multiplying doses by 0.7 (5 days/7 days). Hepatotoxicity was observed at doses 
of 100 mg/kg/d or greater. Therefore, the 20 mg/kg/d dose was considered to be a 
subchronic NQAEL. A chronic NOAEL was estimated by multiplying the subchronic 
NQAEL by a subchronic-chronic uncertainty factor of 0.1 

Final NOAEE: 1.4 mg/kg/d 

Compound: 
F0l-IIl: 
Reference: 

Thallium 
Thallium Sulfate 

Formigli et al. 1986 
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Test Species: Rat 
Body weight: 0.365 kg (from study) 

Exposure Duration: 60 days 

EjPdpoiIlt: reproduction (male testicular function) 
Exposure Route: oral in water 
Dosage: one dose level: 10 ppm Tl = LOAEL 
CalcpaIati0lms: mean daily intake (from study) = 270 ug Tl/rat 

= 0.74 mg/kg/d 
Comments Because rats exposed to 10 ppm Tl in the diet displayed reduced sperm 

motility and the study considered exposures only for 60 d , this dose was considered to be a 
subchronic LOAEL. A chronic NOAEL was estimated by multiplying the subchronic 
LOAEL by a subchronicchronic uncertainty factor of 0.1 and a LOAEL-NQAEL uncertainty 
factor of 0.1. 

(< 1 yr and not during a critical lifestage = subchronic). 

FmR NO- 0.0074 mg/kg/d 

Compomd: 
FQm: 

Toluene 
not applicable 

Reference: 
Test species: 

Body weight: 
Exposure Duration: 

bdpoht: 
Exposure Route: 
Dosage: 

CaUcarlations: 

Nawrot and1 Staples 1979 
Mouse 
0.03 kg (EPA 1988a) 
days 6-12 of gestation 
(during a critical lifestage = chronic). 
reproduction 

three dose levels: 
0.3, 0.5, and 1 mL/kg/d; LOAEL = 0.3 mUkg/d 
density of toluene =0.866 g/mL (Merck 1976) 

oral gavage 

0.3mL Toluene 0.8661: T o k m  'mml:] = 259.8 mg/kg/d 
mL Toluerw 1g 

Coanments: Toluene exposure of 0.5 and 1.0 mL/kg/d significantly reduced f e d  
weights. Embryomortality was significantly reduced by all three dose levels. While the 
toluene exposures evaluated in this study were of a short duration, they occurred during a 
critical lifestage. Therefore, the 0.3 mUkg/d dose was considered to be a chronic LOAEL. 
A chronic NOAEL was estimated by mukiplying the chronic LOAEL by a LOAEL-NOAU 
uncertainty factor of 0.1. 

F i l  N Q A m  25.98 mg/kg/d 

Compound: 
Form: 

Toxaphene 
not applicable 
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Reference: Kennedy et al. 1973 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kgld (calculated using allometric equation from 
EPA 1988a) 

Test Species: Rat 

Exposure Duration: 3 generations (> 1 yr and during a critical lifestage = chronic). 
&dpohk reproduction 
Exposure Route: oral in diet 
IDoSzage: two dose levels: 

CaDClplati0R.S: 
25 and 100 ppm; NOAEL = 100 ppm 

Comments: No adverse effects were observed at either dose level. Therefore 
because the study considered exposure over 2 generations and included reproduction, the 100 
ppm dose was considered to be a chronic NOAEL. 

Final NO-. 8 mg/kgld 

Compound: 1 , 1 , 1 -Trichloroethane 
F0m: not applicable 
Reference: Lane etal. 1982 
Test species: Mouse 

Body weight: 0.035 kg (from study) 
Water Consumption: 6 m u d  (from study) 

calcalratiom: 

2 generations ( > 1 yr and during a critical lifestage = chronic). 
reproduction 
oral in water 
three dose levels: 
100, 300, and lo00 mg/kgld 
No effects obsemed at any dose level. 
not applicable 

Comments: Because no significant differences were observed at any dose level and 
the study considered exposure throughout 2 generations including critical lifestages 
(reproduction), the maximum dose was considered to be a chronic NOAEL. 

r i a l  NOAIEL: lo00 mg/kg/d. 

C Q ~ P Q U ~ :  Trichloroethylene 
Fom: not applicable 
Refererace: Buben and O’Flaherty 1985 
Test Spies:  Mouse 
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Body weight: 0.03 kg (EPA 1988a) 
Expasure Duration: 6 weeks 

E$rdpoht: Hepatotoxicity 
Exposure Route: oral gavage 
Dosage: 

( C 1 yr and not during a critical lifestage = subchronic). 

seven dose levels (administered daily 5 daydweek for 6 weeks): 
100, 200, 400, 800, 1600, 2400, and 3200 mg/kg/d; 
LOAEL = 100 mg/kg/d 

Caldatiorns: not applicable 
Comments: Because mice were exposed for 5 dayslweek, 7 daylweek exposures 

were estimated by multiplying doses by 0.7 (5 daysl7 days). Hepatotoxicity was observedl at 
doses of 100 mg/kg/d or greater. Therefore, the 100 mg/kg/d dose was considered to be a 
subchronic LOAEL. A chronic NOAEL was estimated by multiplying the subchronic 
NOAEL by a subchronic-chronic uncertainty factor of 0.1 and a LOAEL-NOAEL 
uncertainty factor of 0.1. 

Fiml NOAEIL: 0.7 mg/kg/d 

Compound: Uranium 
Form: 
Reference: Paternain et al. 1989 
Test Species: Mouse 

Exposure Dumtion: 60 d prior to gestation, plus through gestation, delivery and 

Endpoint: reproduction 
Exposlare Route: oral intubation 
Dosage: three dose levels: 

5 ,  10, and 25 mg uranyl acetate /kg/d;NOAEL=5 mg/kg/d or 
Calculations: NOAEL dosage of elemental U is: 

0.6132 x 5 mg uranyl acetate /kg/d or 3.07 mg U/kg/d. 
C o m a b :  Significant differences in reproductive parameters (e.g., no.dead 

young/litter, size and weight of offspring, etc.) were observed at the 10 and 25 mg/kg/d dose 
levels. Because no significant differences were observed at the 5 mg/kg/d level and the study 
considered exposure throughout a critical lifestage (reproduction), this dose was considered to 
be a chronic NOAEL. 

Uranyl acetate (61.32 % U) 

Body weight (from study): 0.028 kg 

lactation (during a critical lifestage = chronic). 

F d  N Q A a  3.07 mg U/kg/d. 

COIDpOUQd: Uranium 
F0IlHl: depleted metallic 
Reference: Haseltine and Sileo 1983 
Test species: Black Duck 

Body weight: 1.25 kg (mean8+*; Dunning 1984) 
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Food Consumption: Congeneric Mallard ducks, weighing 1 kg consume 100 g 
food/d (Heinz et al.1989). Therefore, it was assumed that a 1.25 kg black 
duck would consume 125 g food/d. 

Exposure Duration: 6 weeks 

hdpobt:  
E ~ ~ Q s u I ~ ~  Route: oral in diet 
Dosage: four dose levels: 

(< 10 wks and not during a critical lifestage = subchronic). 
mortality, body weight, blood chemistry, liver or kidney effkcts 

25, 100,400, and 1600 ppm U in food; 
NOAEL = 1600ppm 

CaPculations: 

l6OOmg x 125gf00d x "1 / 1.25 kg BW = 160 mglkgld 
day looog 

Comments: No effects observed at any dose level. Because this study was less than 
10 weeks in duration and did not consider a critical lifestage &e., reproduction), it is 
considered to be subchronic. To estimate the chronic NOAEL, the subchronic NOAEL was 
multiplied lby a subchronic-chronic uncertainty factor of 0.1. 

Fml NOAEL 16 mg U/kgld. 

Compound: Vanadium 
Form: 
Reference: Doming0 et al. 1986 

Body weight (from study): 0.26 kg 

lactation (during a critical lifestage = chronic). 

Sodium Metavanadate (NaVO,, 4 1.78 % V) 

Test species: Rat 

Exposure Duration: 60 d prior to gestation, plus through gestation, delivery and 

Endpoint: reproduction 
Exposure Route: oral intubation 
Dosage: three dose levels: 

5 ,  10, andl 20 mg NaVO, /kg/d; LOAEL=5 mg/kg/d 
ealculatiom: LOAEL dosage of elemental V is: 

0.4178 x 5 mg NaVO, /kg/d or 2.1 mg V/kg/d. 
Comments: Significant differences in reproductive parameters (e.g., no.dead 

young/litter, size and weight of offspring, etc.) were observed at all dose levels. Therefm, 
the lowest dose was considered to be a chronic LOAEL. To estimate the chronic NOAEL, 
the chronic LOAEL was multiplied by a LOAEL-NOAEL uncertainty factor of 0.1. 

Em1 NOAEL 0.21 mg V/kg/d. 

Compound: Vanadium 
F0m: Vanadyl Sulfate 
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Reference: White and Dieter 1978 
Test species: Mallard Duck 

Body weight: 1.17 kg (from study) 
Food Consumption: 0.121 k/d (from study) 

Erslposp~re Duration: 12 weeks ( > 10 wks = chronic). 
Endpoint: 
Exposure Route: oral in diet 

mortality, body weight, blood chemistry 

Dosage: 

Conmmrents: No 

three dose levels: 
2.84, 10.36, and 110 ppm V in food; 
NOAEL = 110 ppm 

'*lgfood x / 1.17 kg BW = 11.38 rnglkgld 
day 

X 

effects observed at any dose level. Because this study was greater 
than 10 weeks in duration and did not consider a critical lifestage (Le., reproduction), the 
maximum dose was considered to be a chronic NOAEL. 

H;"IIpaD NO=: 11.38 mg V/kg/d. 

Compound: Vinyl Chloride 
F0m: not applicable 
Reference: Feron et al. 1981 
Test Species: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Exposure hration: lifetime (- 144 wks) 
Endpoint: longevity, mortality 
Exposure Route: oral in diet 
Dosage: three dose levels: 

Calculations: not applicable 
Comments: Significantly reduced survivorship was observed at all dose levels, 

1.7, 5.0, and 14.1 mg /kg/d; LOAEL= 1.7 mg/kg/d or 

therefore the 1.7 mg/kg/d dose level was considered to be a chronic LOAEL. To estimate 
the chronic NOAEL, the LOAEL was multiplied by a LOAEL-NOAEL uncertainty factor of 
0.1. 

Fml NOAEk 0.17 mg/kg/d. 

COEIlgQUnd: Xylene (mixed isomers) 
F0m: not applicable 
Reference: Marks et al. 1982 
Test Spies:  Mouse 

Body weight: 0.03 kg (EPA 1988a) 
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Exposum bration: days 6-15 of gestation 

Endp0ink reproduction 
Exposppre Route: oral gavage 
Hlasage: six dose levels: 

(during a critical lifestage = chronic). 

0.52, 1.03, 2.06, 2.58, 3.10, and1 4.13 mg/kg/d; 
NOAEL = 2.06 mg/kg/d 

@alCMhtiOElS: not applicable 
Comments: Xylene exposure of 2.58 mg/kg/d or greater significantly reduced fetal 

weights and increased the incidence of fetal malformities. While the xylene exposures 
evaluated in this study were of a short duration, they occurred during a critical lifestage. 
Therefore, the highest dose that produced no adverse effects, 2.06 mg/kg/d, was considered 
to be a chronic NOAEL. 

Fml NOAEL 2.06 mg/kg/d 

Compound: Zinc 
F0m: Zinc Oxide 
Reference: Schlicker and Cox 1968 
Test species: Rat 

Body weight: 0.35 kg (EPA 1988a) 
Food Consumption: 0.028 kg/d (calculated using allometric equation from 
EPA 1988a) 

Exlpmp.e Duration: days 1 -16 of gestation (during a critical lifestage = chronic). 
Endp~irat: reproduction 
Exposure Route: oral in diet 
Dosage: two dose levels: 

Cdculatiows: 
2000, and 4000 ppm Zn; NOAEL = 2000 ppm 

Comments: Rats exposed to 4000 ppm Zn in the diet displayed increased rates of 
fetal resorption and reduced fetal growth rates. Because no effects were observed at the 
2000 ppm Zn dose rate and the exposure occurred during gestation (a critical lifestage), this 
dose was considered a chronic NOAEL. 

F i  NOAEL: 160 mg/kg/d 

Compound: Zinc 
I F O W :  Zinc Carbonate 
Reference: Gasaway and Buss 1972 
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Te!& species: Mallard Duck 
Body Weight: 1 kg (from Heinz et al. 1989) 
Food Consumption: 100 gld (from Heinz et al. 1989) 

Exposure Duration: 
EndPoink 
Exposure Route: 
Dosage: 

CaPcuPatiorns: 

60 days ( < 10 wks and not during critical lifestage=subchronic) 
Mortality, body weight, and blood chemistry 
oral in diet 
four dose levels: 
3000,6000,9000, and 12000 ppm Zn; 3000 ppm = LOAEL 

I k g  I 1 kg BW = 300 mglkgld l00g food 
day looomg 

Comments: Because high mortality was observed at all does levels and the study 
was less than 10 weeks in duration, the lowest dose (3000 ppm Zn) was considered a 
subchronic LOAZL. A chronic NOAEL was estimated by multiplying the subchronic 
LQAEL by a subchronic-chronic u n c d n t y  factor of 0.1 and a LOAEL-NOAEL uncertainty 
factor of 0.1. 

FiiD NOAEE: 3 mg/kg/d 

C o m p n d  Zirconium 
Fom: Zirconium Sulfate 
Reference: Schroeder et all. 1968b 
Test species: Mouse 

Body weight: 0.03 kg (EPA 1988a) 
Water Consumption: 0.0075 U d  
Food Consumption: 0.0055 kg/d 
(calculated using allometric equation from EPA 1988a) 

Exposure Duration: lifetime (> 1 yr = chronic). 
b d p o h k  lifespan, longevity 
Exposlpre Route: 
Dosage: one dose level: 

oral in water (+incidental in food) 

5 ppm Zr (in water) + 2.66 ppm Zr (in food) = LOAEL 
CaPculations: 

" ] I 0.03 kg BW = 1.25 mg/kg/d 5mg Zr 7.5mL water 
L water day lo0omL. ' 

Total Exposure = 1.25 mg/kg/d + 0.488 mg/kg/d = 1.738 mglkgld 
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Cornanen& Because no significant treatment effects were observed at the 5 ppm 
dose levd and the study considered exposure throughout the entire lifespan, this dose was 
considered to be a chronic NOAEL. 

E i i  NOAIEL: 1.738 mglkgld 
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APPENDIX B 

Body Weights, Food and Water Consumptions 
Cor Selected Avian and Mammalian Wildlife Endpoint Species 
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MilIEImals 

Short-tailed Shrew 0.015 
(Blarina brevicauda) 

Little Brown Bat 0.0075 
I (Myoris lucifirgus) I 
I 

Meadow Vole 0.044 
l (Microtus pennsylvnnicus) 

I 

White-footed Mouse 0.022 
(Peromyscus leucopus) 

Eastern Cottontail 1.2 
(Sylvilagus floridanus) 

Mink 1 .o 
(Musreln vison) 

Red Fox 4.5 
( Vulpes fulvn) I 

White-tailed Deer I 56.5 
(Odocoilellr virginianus) I 

Appendix B. Body Weights, Food andl Water Cornamption Rates, for Sepected Avian and Ma~nrnalilan Wildlife Endpoint Species 

Schlesinger and Potter 1974 

I 

Gould 1955 

I 

Reich 1981 1 

Green and Miller 1987 
I 

Chapman et al. 1980 

Body Weight 

0.009 

0.0025 
I 

0.005 

I 

0.0034 

0.237 

Food1 Intake 

0.0033 

0.0012 

0.006 i 

I 
Chew 1951 

I 

I 

I 

Water h b k @  

0.077 Dunning 1984 0.093 

0.198 Dunning 1984 0.15 

I b I Citation kg/di Citation I Citation 

Skorupa and Hothem 1985 
1 Hatelton et al. 1984 

Sheldon 1975 

Birds 

American Robin 
(Turdus rnigratorius) 
-~ -~ 

Amencan Woodcock 
(Scolopax minor) 

~~ 

€PA 1993e I 0.137 

l~ Storm et al. 1976h I 0.45 

' Smith 19911 lI 1.74 

Barrett and Stueck 1976 
Bucker 1964 

Anthony and Kunz 1977 

Estimated from Figure 2. in 
Dark et al. 1983. 

Green and Miller 1987 

~~ ~ 

Dalke and Sime 1941 

Bleavins and Aulerich 1981. 

Sargent 1978' 
Vogtsberger and Barrett 1973 

Mautz et al. 11976 

0.0066 I Oswald et al. 1993 

0.116 - 1  

I 3.7 

OOlOt i  I 
0.02 I 

I I I I I 
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ADW&X B. Body Weights, Food an8 Water Coarsmpaon Rates, for SeIeckd Avian and1 MIananrpdian ~UdUife Endpoint Species 
I I 

Wild Turkey 
(Meleagris gallipavo) 

Belted Kingfisher 
(Ceryle alcyon) 

Great Blue Heron 
(Arden herodim) 

Barred Owl 
( h k  V n h )  

Barn Owl 
(?)TO nfba) 

Cooper's Hawk 
(Accipiter cooperi) 

Red-tailed Hawk 
(Buteo jamaciencis) 

911 values calculated according to GI 

k 
5.8 

0.148 

2.39 

0.717 

0.466 

0.439 

1.126 

:r and Brau 

Body Weight I1 

Citation W d  

Dunning 1984 0.174 

Dunning 1984 10.075 

I 

Dunning 1984 ~1 0.42 

I 0.0468 I Dunning 1984 

Johnsgard 1988 10.0625 

Dunning ,11984 I 0.034 

Dunning 1984 0.9 1 

(1983) unless otherwise stated. 
Mean for males and females from both IIowa and Illinois. 
0.069 glgld for nonbreeding adult times 4.5 kg BW 

F d  Intake Water Intake" 

Citation Bld Citation 

Korscagen 1967 0.19 
I 

I 

Alexander 1977 0.016 
' 

I '  
I I 

Kushlan 1978 0.1058 

Estimated according to 0.047 
Nagy (1987) 

Johnsgard 1988 0.035 

Estimated according to 0.034 

Wakely 1978 0.064 ~ 

NagY (1987) 

I 

b 
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t o m  N O A U  Acuteor 1 

11 chemical 

1 

' 

~1 species 

Aroclor 1016 ferret 

Aroclor 1016 mink ~ 20 ppm (9 mo) 

Aroclor I221 bobwhite quail 

Aroclor 1221 Japanwquai l  1 

Aroctor 1221 ' ring-necked 
pheasant 

I Dose or Conc? 

~ ~~ ~~ ~ ~ ~~ ~ 

I 
Aroclor 1242 rem 20 ppm (9 mo) 

I 

I Aroclor 1242 mink 5 ppm (9 mol 
I 

reproduction 

Aroclor 1232 ring-necked 
pheasant 

10 pprn 
(9 mol 

Japanese quail 
I 

, 321.5 pprn 
(21 d) 

Aroclor 1242 ' 

Aroclor 1248 

Japanese quad 10 ppm (45 d) 

1 screechowl 

I 

Lethal LDs or 
Effect Dote or Conc? Doselconc? 

Aroclor 1254 

Aroclor 1254 

reproduction 

30% mortality 

raccoon 50 mglkg (8 d) 

cottontail rabbit IO ppm (12 wk) 

20 ,ppin (9 mo) 

>4OOoppm 
I (5 d) 

3002 pprn (5 d) 

3146 ppm (5 d )  

I reproduction 

reproduction I 1 1 
reproduction 

reproduction 1 ppm (8 wk) 

3 ppm (1  8 mo) 

physiology I I I '  
I II 

weight loss 1' I I 
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Chemical1 

~ Aroclor 1254 
I 

I 

1 Aroclor 1254 I 

Aroclor 1254 

Aroclor 1254 

Amlor  1254 

Aroclor 1254 

Aroclor 1254 

Aroclor 1254 
I '  

Aroclor 12M 

Aroclor 1260 

h n i l i c  acid 

11 Cadmium 

Cadmium 

Cadmium 

Cadmium chloride 

Cadmium succinate 

white-footed 
mouse 

quail 

Japanese quail! 

Japanese quail 

Japanese quail 

mourning dove 

ring dove 

pheasant 

bcbwhite quail 

Japanese quail 

rat 

deer mouse 

wood duck 

black duck 

mallard duck 

bobwhite auail 

LOAEL 1 NOAEL 

Dose or Conc." 

'10 ppm (18 mo) 

SO ppm (14 wk) 

78.1 ,ppm (21 d) 

5 ppm (12 wk) 

40 ppm (42 d) 

10 ppm 

12.5 mg 
(~ldwk. 17 wk) 

5 ppm (4' mo) 
~~~ 

62.5 ppm (21 d) 

~ 

1 mglL 

100 ppm (3 ma) 

4 ppm (4 mol 

20 ppm 
(30-90 d) 

I 

Lethal LDs or 
I LCS DosdConc? Effict Dose or Cone? 

~ 

reproduction; 
dccmsed pup 
survival 

reproduction I 

reproduction 

20 pprn (8 wk) 

physiology 

metabolism I 
reproduction I 

I I 

I 

thyroid weight I 

reproduction 

I 216 mglkg 

infertility ! I I 
pathology IO ppm (3 mo) 

I 
I offspring , 

behavior , 
I 
I 

pathology ' , 
I 

I I I 1' I728 ppm (5 d) 
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I 

I 
I 

1 

111 Chemical 

Cadmium succinate 

Cadmium succinate 

Cadmium succinate 

Chlordane 

l Chlordane 

Chlordane 

Chlordane 

Chlordane 

Chlordane 

Chromium (trivalent) 
I 

dcer mouse 

cowbird 

cowbird 

Japanese quail 

rat-tailed bat 

- potassium 
dichromate 

I 

I 3 lblacre 

1500 ppm (17 d) lethal 

1500 ppm (27 d) 1 lethal 

25 ppm (14 wk) reproduction; 5 pprn (12 wk) 

I 107 ppm (40 d) 

I 

liver I 

I I I I 

Species 

I 1  

L e t h a l  LDJD or 
I LOAEL I NOAEL Acute or 

DosdConc." 1 LC, ' Dose or Cone? Effect Dose or Cone! 
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p.p'-DDE pigcon 1 18 mglkg (8 wk) 3 6 m g h  

I (8 h) I I 

I 
I DDT Japanese quail 25 ppm (14 wk) I reproduction I 

I 

DDT Japanese quail 50 ppm (IO wk) 1 reproduction 5 ppm (10 wk) 

DDT bobwhite quail 500 ppm (4 mo) thyroid 50 ppm (4 mo) 

DDT 

DDT mallard duck 50 ppm (6 mo) 

I 

I 

mallard duck 330 ppm (5 d) growth I I 

I 

I 
DDT mallard duck I I 1869 ppm (5 d) 

DDT house sparrow I l5OOppm (3 d) 1 
I 

DDT white-throated 5 ppm ( I  1 wk) behavior; ' physiology I 

I 

sparrow 

earthworm 5 lblacre decreased 
population 

' Di-butyl phthalate mallard duck ~ 5 d  lethal~ 

I 

DDT 

>5000 ppm 
I I I concentration 

Di-butyl phthalate ring dove 10 PPm thin egg shells 
* 
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1 
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Appendix C. Selected Toxicity Data for Avian and Mammalian Widlife! 
I 

LOAEL * NOAEL Acute or 
I '  Lrthal LDB or I 

Chemical S&eS Dose or Conc? Effect Doseor Conc? I DosJConc! LCS 

1 2,4-Dichlorophenyl-p rat 100 ppm (97 wk) reproduction 10 ppm (3 gcn.) 2- PPm 
nitrophenyl ether 

I 2,4-Dichl0rophtnyl-p dog 2OOo PPm (2 
nitrophenyl ether I 

Di(2dhylhexyl)phthalate fcrrd 1-ppm I physiology 
(14 mo) 

I I 

Di(2cchylhexyl)phthalate M g  dove 10 ppm 

Ferrous sulfate rat I 1 I87 mgkg 
I 

Hexachlorobenzenc Japanese quail 1 20 ppm (90 d) reproduction 
I 

I Hcxachlorobenzene Japanese quail 1 PPm 
(90 d) 

I 

Hexachlorobcnzcnc mallard duck 1 30% mortality 1 5000ppm >5000ppm 

' Hexachlorobutadicnc Japanese quail 0.3 ppm (90 d) 

Hcxechlorophcne 1 rat 100 ppm (3 gen.) reproduction 20 ppm (3 gen.) 

Hexamcthy!phosphoric rat 2 mglkgld reproduction I 

triarnide (169 d) I 

Kcponc Japanese quail I 200 Ppm 
(240 d) 

Lead bobwhite quaill ' 2 w p p m ( 6  I I 

wk) 
1 1  

1 ppm (12 wk) reprodudion Lead acetate Japanese quail - I 
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Acute or 
1~ 

LOAEL NOAEL 
LOJo or 

LCJo 
-' I 

Chemical Spies Dose or C0nc.b Effect Dose or Conc.b DosclConc? 

Lead acdate I bobwhitequail lOOOppm(6wk) I growth 
I 

I 

I 
I 

Lithium chloride 

I 

I 
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Sodium arsenite 

l Sodium cyanide 

Sodium 
mono fluomacetate 

Sodium 
mono fluoroacetate 

Sodium 
mono fluoroacetate 

Sodium 
mono fluoroacetate 

:y 
Chemical 

ring-necked 
pheasad 

chukar partridge 

quail 

Monosodium 
methancanonate 

Octochlorodibenzo-g 
dioxin 

, 

I '  

I 1  

I 

11, (hexabromo PBB biphenyl) 

(polybmminakd 
biphenyl) 

L mono fluoroacetate 

LOAEL 

S p i e s  

rat 

mink 1 ppm (IO mo) 

Japanese quail ~ I 25 ppm (7 d) 

mallard duck 1' 100 mgkg ( I  d) 

coyote 

mallard duck 

I mallard duck 

Eff& 

physiology 

pathology 

reproduction 

reproduction 

blood 
chemistry 

thin eggshells 

physiology 

NOAEL 

Dose or Conc? 

0.1 mglkg 
(2 wk) 

20 ppm (9 wk) 



Japanese quail 

Japancsequail , 

150 mg/kg 1 

Y 

c' ' 

- 
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I 
I I 

Species 

i I LOAEL 
LDJD or 

D E ?  I LC, 

4.24 mgkg 

NOAEL 

I Doseor Conc." 11 Effect Dose or Conc." 

pigeon 
I 

I 
, 

monofluoroacetatc I 3.00 mgkg house sparrow Sodium 
~ monothoroacetatc 

0.22 mglkg 1 -  ~11 Sodium kit fox 

3300ppm(7d) I 
Sodium nitrate 

I 120 mgkg golden eagle 

maIlard duck 

10 ppm (12 wk) mallard duck 100 PPm 
(12 wk) chemistry 

Vanadyl sulfate 

Zinc phosphide 

Zinc phosphide 

Zinc phosphide 

I 

93 mglkg #kit fox 

rcd lox 10.64 mglkgld 

8.6 mglkgld grey fox 

11 Zinc phosphide great horned owl1 
I 

a Data extra& from TERRE-TOX database (Meyen and Schilla 1986). Complete citations for these data arc not currently available. 
Dose m mglkglday; dictary concentration in ppm; water concentration in mglL. 
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